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RESHAPING  THE  GRADUATE  EDUCATION  OF 
SCIENTISTS  AND  ENGINEERS:  NATIONAL 
ACADEMY  OF  SCIENCES'  COMMITTEE  ON 
SCIENCE,  ENGINEERING,  AND  PUBLIC  POL- 
ICY REPORT 


THURSDAY,  JULY  13,  1995 

U.S.  House  of  Representatives, 

Committee  on  Science, 
Subcommittee  on  Basic  Research, 

Washington,  D.  C. 

The  Subcommittee  met  at  9:40  a.m.  in  Room  2318  of  the  Ray- 
bum  House  Office  Building,  the  Honorable  Steven  H.  Schiff,  Chair- 
man of  the  Subcommittee,  presiding. 

Mr.  Schiff.  Good  morning,  everybody.  I  would  like  to  call  the 
Subcommittee  to  order. 

I  have  a  brief  opening  statement  I  would  like  to  read  into  the 
record,  and  I  will  recognize  our  ranking  member,  Mr.  Geren  of 
Texas,  for  any  opening  statements  he  might  like  to  make. 

We  are  here  today  to  examine  a  report  from  the  National  Acad- 
emy of  Sciences  Committee  on  Science  Engineering  and  Public  Pol- 
icy, entitled  "Reshaping  Graduate  Education  of  Scientists  and  En- 
gineers." This  report  looks  at  the  process  by  which  scientists  and 
engineers  are  educated  and  makes  recommendations  for  preparing 
students  for  future  success. 

I  strongly  believe  that  science  and  technological  advances  will 
eventually  solve  most  of  this  coimtr^s  social,  economic,  and  envi- 
ronmental problems.  I  became  a  member  of  the  Science  Committee 
to  ensure  that  the  Federal  Government's  role  in  science  is  both 
adequate  and  beneficial. 

That  said,  I  am  pleased  that  the  Subcommittee  has  this  oppor- 
tunity to  examine  the  process  of  graduate  education  because  of  its 
critical  link  to  ensuring  that  our  Nation  is  able  to  meet  these  chal- 
lenges with  high  technologies  and  advanced  scientific  solutions. 

The  Ph.D.-level  educated  scientist  and  engineer  plays  a  central 
role  in  the  prosperity,  security,  and  competitiveness  of  our  Nation. 
Their  successes  are  the  Nation's  successes.  The  COSEPUP,  which 
is  the  acronym  for  the  committee  report,  urges  that  modifications 
be  made  to  America's  system  of  graduate  education  in  order  to  en- 
sure the  future  success  of  these  individuals.  This  should  be  done 
not  only  because  scientists  and  engineers  will  be  employed  to  help 
solve  the  major  social  and  economic  concerns  that  we're  facing,  but 
also  because  today's  Ph.D.  candidate  is  tomorrow's  educator. 

(1) 


The  report  examines  the  graduate  education  in  the  context  of  the 
end  of  the  Cold  War  era  and  a  change  in  the  economy.  The  report 
found  that  an  increasing  number  of  scientists  and  engineers  are 
finding  employment  outside  the  traditional  places  of  employment, 
which  were  universities  and  government  laboratories. 

This  is  the  result  of  two  phenomena — an  increase  in  the  number 
of  Ph.D. s  produced,  and  a  reduction  in  Federal  and  corporate  fund- 
ing of  basic  research.  While  the  report  did  not  find  high  unemploy- 
ment among  Ph.D.s,  it  did  find  that  recent  graduates  are  unem- 
ployed for  longer  periods  of  time  after  graduation,  that  students 
are  taking  longer  to  receive  their  degrees,  and  the  number  of 
Ph.D.s  who  are  in  postdoctoral  positions  for  longer  periods  of  time 
is  increasing. 

In  addition,  the  report  predicts  a  continuing  decline  in  the  tradi- 
tional employment  opportunities  in  academia  and  msikes  several 
recommendations  for  helping  students  meet  this  reality.  Among  the 
committee's  recommendations  is  that  the  United  States  doctoral- 
granting  universities  should  do  a  better  job  in  preparing  students 
for  careers  by  increasing  flexibility  and  versatility  in  the  degree 
program  and  providing  more  relevant  career  counseling. 

The  Subcommittee  will  carefully  consider  what  role  that  financial 
support  mechanism,  including  Federal  support,  should  play  in  fos- 
tering a  broader  graduate  education  for  scientists  and  engineers. 

The  report  recommends  that  students  be  provided  with  more 
complete  career  emplo3rment  information  in  order  to  make  good 
choices  about  their  education.  The  Subcommittee  will  explore  ways 
that  the  students  can  be  assured  that  they  will  receive  adequate, 
relevant,  and  timely  guidance  throughout  their  graduate  education. 

I  think  it  is  important  to  note  that  although  the  report  did  not 
conclude  that  there  is  an  oversupply  of  Ph.D.s  or  a  need  to  limit 
the  production  of  Ph.D.s,  other  recently  released  studies  have  found 
this  to  be  a  problem. 

I  am  happy  that  we  have  a  diverse  panel  of  witnesses  who  can 
address  this  sensitive  issue  in  more  detail,  as  there  are  some  in  the 
scientific  commxmity  who  believe  that  overproduction  of  Ph.D.s  is 
having  a  detrimental  effect  on  recent  graduates  and  young  sci- 
entists. 

Before  recognizing  the  witnesses,  I  would  like  to  turn  to  my 
ranking  Democratic  colleague  on  the  Subcommittee,  Mr.  Geren, 
and  ask  if  he  has  any  opening  statement. 

[The  prepared  statement  of  Mr.  Schiff  follows:] 


CHAIRMAN  SCHIFF'S  OPENING  STATEMENT 

JULY  13,  1995 

HEARING  ON  GRADUATE  EDUCATION 

WE  ARE  HERE  TODAY  TO  EXAMINE  A  REPORT  FROM  THE  NATIONAL 
ACADEMY  OF  SCIENCES'  COMMITTEE  ON  SCIENCE,  ENGINEERING, 
AND  PUBLIC  POLICY  ( COSEPUP )  ENTITLED  "RESHAPING  THE 
GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS,"   THIS 
REPORT  LOOKS  AT  THE  PROCESS  BY  WHICH  SCIENTIST  AND 
ENGINEERS  ARE  EDUCATED  AND  MAKES  RECOMMENDATIONS  FOR 
PREPARING  STUDENTS  FOR  FUTURE  SUCCESS. 

BECAUSE  I  STRONGLY  BELIEVE  THAT  SCIENTIFIC  AND 
TECHNOLOGICAL  ADVANCES  WILL  EVENTUALLY  SOLVE  MOST  OF 
THIS  COUNTRY'S  SOCIAL,  ECONOMIC,  AND  ENVIRONMENTAL 
PROBLEMS,  I  BECAME  A  MEMBER  OF  THE  SCIENCE  COMMITTEE  TO 
ENSURE  THAT  THE  FEDERAL  GOVERNMENT  ROLE  IN  SCIENCE  IS 
BOTH  ADEQUATE  AND  BENEFICIAL.   THAT  SAID,  I  AM  PLEASED 
THAT  THE  SUBCOMMITTEE  HAS  THIS  OPPORTUNITY  TO  EXAMINE 
THE  PROCESS  OF  GRADUATE  EDUCATION  BECAUSE  OF  ITS 
CRITICAL  LINK  TO  ENSURING  THAT  OUR  NATION  IS  ABLE  MEET 
THESE  CHALLENGES  WITH  HIGH  TECHNOLOGIES  AND  ADVANCED 
SCIENTIFIC  SOLUTIONS. 


THE  PHD-LEVEL  EDUCATED  SCIENTIST  AND  ENGINEER  PLAYS  A 
CENTRAL  ROLE  IN  THE  PROSPERITY,  SECURITY,  AND 
COMPETITIVENESS  OF  OUR  NATION.   THEIR  SUCCESSES  ARE  THE 
NATION'S  SUCCESSES.   THE  COSEPUP  REPORT  URGES  THAT 
MODIFICATIONS  BE  MADE  TO  AMERICA'S  SYSTEM  OF  GRADUATE 
EDUCATION  IN  ORDER  TO  ENSURE  THE  FUTURE  SUCCESS  OF 
THESE  INDIVIDUALS.   THIS  SHOULD  BE  DONE  NOT  ONLY 
BECAUSE  SCIENTISTS  AND  ENGINEERS  WILL  BE  EMPLOYED  TO 
HELP  SOLVE  THE  MAJOR  SOCIAL  AND  ECONOMIC  CONCERNS  WE 
WILL  FACE,  BUT  ALSO  BECAUSE  TODAY'S  PHD  CANDIDATE  IS 
TOMORROW'S  EDUCATOR. 


The  COSEPUP  REPORT  EXAMINES  GRADUATE  EDUCATION  IN  THE 
CONTEXT  OF  THE  END  OF  THE  COLD  WAR  ERA  AND  A  CHANGING 
ECONOMY.   THE  REPORT  FOUND  THAT  AN  INCREASING  NUMBER  OF 
SCIENTISTS  AND  ENGINEERS  ARE  FINDING  EMPLOYMENT  OUTSIDE 
THE  TRADITIONAL  PLACES  OF  EMPLOYMENT  (UNIVERSITIES  AND 
GOVERNMENT  LABORATORIES.)  THIS  IS  THE  RESULT  OF  TWO 
PHENOMENA:   AN  INCREASE  IN  THE  NUMBER  OF  PHDS  PRODUCED; 
AND  A  REDUCTION  IN  FEDERAL  AND  CORPORATE  FUNDING  OF 


BASIC  RESEARCH. 


WHILE  THE  REPORT  DID  NOT  FIND  HIGH  UNEMPLOYMENT  AMONG 
PHDS,  THEY  DID  FIND  THAT  RECENT  GRADUATES  ARE 
UNEMPLOYED  FOR  LONGER  PERIODS  AFTER  GRADUATION,  THAT 
STUDENTS  ARE  TAKING  LONGER  TO  RECEIVE  THEIR  DEGREES, 
AND  THAT  THE  NUMBER  OF  PHDS  WHO  ARE  IN  POSTDOCTORAL 
POSITIONS  FOR  LONGER  PERIODS  OF  TIME  HAS  IS  INCREASING. 
IN  ADDITION,  THE  REPORT  PREDICTS  CONTINUED  DECLINE  IN 
TRADITIONAL  EMPLOYMENT  OPPORTUNITIES  IN  ACADEME  AND 
MAKES  SEVERAL  RECOMMENDATIONS  FOR  HELPING  STUDENTS  MEET 
THIS  REALITY. 


AMONG  THE  COMMITTEE'S  RECOMMENDATIONS  IS  THAT  U.S. 
DOCTORAL  GRANTING  UNIVERSITIES  SHOULD  DO  A  BETTER  JOB 
IN  PREPARING  STUDENTS  FOR  CAREERS  BY  INCREASING 
FLEXIBILITY  AND  VERSATILITY  IN  THE  DEGREE  PROGRAM  AND 
BY  PROVIDING  MORE  RELEVANT  CAREER  COUNSELING.   THE 
SUBCOMMITTEE  WILL  CAREFULLY  CONSIDER  WHAT  ROLE  THAT 
FINANCIAL  SUPPORT  MECHANISMS,  INCLUDING  FEDERAL 
SUPPORT,  SHOULD  PLAY  IN  FOSTERING  A  BROADER  GRADUATE 


EDUCATION  FOR  SCIENTISTS  AND  ENGINEERS. 


THE  REPORT  RECOMMENDS  THAT  STUDENTS  BE  PROVIDED  WITH 
MORE  COMPLETE  CAREER  AND  EMPLOYMENT  INFORMATION  IN 
ORDER  TO  MAKE  GOOD  CHOICES  ABOUT  THEIR  EDUCATION.   THE 
SUBCOMMITTEE  WILL  EXPLORE  WAYS  THAT  STUDENTS  CAN  BE 
ASSURED  THAT  THEY  WILL  RECEIVE  ADEQUATE,  RELEVANT,  AND 
TIMELY  GUIDANCE  THROUGHOUT  THEIR  GRADUATE  EDUCATION. 


I  THINK  THAT  IT  IS  IMPORTANT  TO  NOTE  THAT  ALTHOUGH  THE 
REPORT  DID  NOT  CONCLUDE  THAT  THERE  IS  AN  OVERSUPPLY  OF 
PHDS  OR  A  NEED  TO  LIMIT  THE  PRODUCTION  OF  PHDS,  OTHER 
RECENTLY  RELEASED  STUDIES  HAVE  FOUND  THIS  TO  BE  A 
PROBLEM.   I  AM  HAPPY  THAT  WE  HAVE  A  DIVERSE  PANEL  OF 
WITNESSES  THAT  CAN  ADDRESS  THIS  SENSITIVE  ISSUE  IN  MORE 
DETAIL  AS  THERE  ARE  SOME  IN  THE  SCIENTIFIC  COMMUNITY 
WHO  BELIEVE  THAT  OVERPRODUCTION  OF  PHDS  IS  HAVING 
DETRIMENTAL  EFFECTS  ON  RECENT  GRADUATES  AND  YOUNG 
SCIENTISTS. 


Mr.  Geren.  Thank  you,  Mr.  Chairman.  I  do  have  a  brief  opening 
statement. 

I  want  to  welcome  our  witnesses  and  guests  to  our  hearing  today. 
Mr.  Chairman,  I  beUeve  that  most  of  those  in  attendance  here  this 
morning  would  agree  that  graduate  education  in  science  and  engi- 
neering is  a  major  strength  of  our  national  education  system.  The 
excellence  of  our  graduate  education  is  recognized  throughout  the 
world  and  is  reflected  in  the  large  nimiber  of  international  students 
who  seek  entrance  to  U.S.  graduate  schools. 

In  a  very  real  way,  graduate  education  in  science  and  engineer- 
ing underpins  the  R&D  enterprise  of  our  Nation.  Federal  support 
for  university-based  research  has  had  a  significant  influence  on 
graduate  education  because  of  the  close  linkage  between  research 
and  education  in  American  universities.  This  linkage  is  generally 
regarded  as  an  important  reason  for  the  strength  of  the  U.S.  grad- 
uate education  system. 

At  the  same  time,  it  is  appropriate  to  consider  whether  the  scale 
of  the  Federal  research  investment  at  universities  may  have  dis- 
torted the  balance  between  research  and  education.  The  prestige  of 
an  academic  institution  is  tied  to  the  amount  of  FedergQ  research 
funding  received.  Faculty  members'  track  record  of  success  in  ob- 
taining research  grants  is  a  major  factor  in  promotion  and  tenure 
decisions.  Graduate  students  provide  much  of  the  labor  force  essen- 
tial for  carrying  out  the  research. 

Today,  most  Federal  support  for  graduate  students  is  in  the  form 
of  graduate  research  assistantships  funded  by  research  grants  to 
faculty  members.  Under  the  current  system,  then,  are  the  long- 
term  educational  interests  of  graduate  students  given  adequate  em- 
phasis? That  is  a  question  that  must  be  addressed. 

The  recent  report  from  the  National  Academy  of  Sciences  on 
graduate  education,  which  we  shall  hear  more  about  this  morning, 
suggests  that  improvements  are  needed  to  ensure  that  graduate 
students  are  prepared  to  succeed  in  the  evolving  science  and  tech- 
nology workforce,  a  workforce  in  which  most  new  Ph.D.s  will  pur- 
sue careers  outside  of  academia. 

I  look  forward  to  a  review  of  the  Academy's  findings  during  this 
hearing,  and  I  am  very  interested  in  the  reactions  and  suggestions 
of  our  witnesses  regarding  these  findings.  Changes  to  the  graduate 
education  system  are  rightly  the  principal  responsibility  of  the  uni- 
versities and  their  faculties,  but,  of  course,  the  Federal  agencies 
that  now  provide  significant  graduate  student  support  also  have  a 
role  to  play  in  any  reforms  that  are  pursued.  I  encourage  our  wit- 
nesses to  provide  the  guidance  on  steps  that  the  government  can 
take  to  assist  us  in  effecting  needed  reforms. 

Mr.  Chairman,  I  congratulate  you  for  convening  this  hearing.  I 
am  pleased  to  join  you  in  welcoming  our  distinguished  witnesses 
and  look  forward  to  their  testimony. 

Mr.  SCHIFF.  Thank  you,  Mr.  Geren. 

I  want  to  again  say  it  is  always  a  pleasure  to  work  with  you  and 
your  staff  and  your  members.  I  think  between  us  we  help  keep  the 
Subcommittee  an  oasis  of  nonpartisanship  in  the  seas  that  sur- 
round us,  and  I  would  like  to  continue  to  do  that. 

Without  objection,  every  member  of  the  Subcommittee  who  wish- 
es to  enter  sin  opening  statement  in  writing  will  be  allowed  to  do 
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so.  However,  if  there  is  any  member  of  the  Subcommittee  who  real- 
ly feels  a  strong  desire  to  make  an  oral  opening  statement,  I  will 
recognize  them. 

I  just  want  to  say  to  everybody  that  I  am  just  expecting  a  lot  of 
votes  today.  Therefore,  the  sooner  we  can  move  edong,  the  better 
for  everybody.  But  I  would  not  preclude  anybody  from  speaking.  I 
am  not  quite  there  yet,  but  that  is  a  warning. 

[Laughter.] 

Mrs.  MORELLA.  Mr.  Chairman,  thank  you.  I  will  ask  that  an 
opening  statement  be  included  in  the  record. 

[The  prepared  statement  of  Mrs.  Morella  follows:] 


CONSTANCE  A.  MORELLA 
SST 

RE:  ENGINEERING  EDUCATION 
JULY  13,  1995 


MR.  CHAIRMAN,  I  AM  PLEASED  TO  WELCOME  OUR 
DISTINGUISHED  PANEL  HERE  TODAY  TO  DISCUSS  THE  GRADUATE 
EDUCATION  OF  OUR  NATION'S  ENGINEERS  AND  SCIENTISTS. 
TODAY'S  HEARING  WILL  GIVE  US  A  FIRST  HAND  ACCOUNT  OF  THE 
CHALLENGES  FACING  STUDENTS  AND  RECENT  GRADUATES  IN  THIS 
FIELD. 

PHD-LEVEL  EDUCATED  ENGINEERS  AND  SCIENTISTS  ARE 
INTEGRAL  TO  THE  FUTURE  SUCCESS  OF  OUR  NATION  AS  WE  MOVE 
INTO  THE  TWENTY-FIRST  CENTURY.   THEY  DO  NOT  ONLY  ACT  AS 
PROFESSIONALS,  BUT  MANY  ALSO  TAKE  ON  THE  TASK  OF 
EDUCATING  FUTURE  MEMBERS  OF  THE  SCIENCE  COMMUNITY. 


^  JUt  ^vsrtaJL4T>fil*A.vM:^v>^^*t*-V 


.THE  NATIONAL  ACADEMY  OF  SCIENCES'  COMMITTEE  ON 
SCIENCE,  ENGINEERING  AND  PUBLIC  POLICY  RECENTLY  RELEASED 
^   REPORT  COVERING  THE  CURRENT  EMPLOYMENT  SCENARIO  AND 
SUGGESTED  MODIFICATIONS.   FLEXIBILITY  IN  THE  DEGREE 
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PROGRAM  AND  POSSIBLE  LIMITED  ENROLLMENT  ARE  BOTH 

7K 
PROBABLE  SOLUTIONS  TO  THE  LENGHTINESS  OF  THE  CURRENT 

EMPLYMENT  PROCESS. 


I  LOOK  FORWARD  TO  HEARING  THE  TESTIMONY  OF  OUR 
WITNESSES . 

THANK  YOU,  MR.  CHAIRMAN. 
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Mrs.  MORELLA,  I  just  want  to  thank  you  for  holding  this  hearing. 
We  have  an  incredibly  distinguished  group  of  panelists  who  appear 
before  us.  I  simply  must  acknowledge  not  only  Dr.  Lane  but  Dr. 
Varmus,  who  is  the  director  of  the  National  Institutes  of  Health, 
which,  as  you  know,  is  in  my  district.  Also,  on  panel  two.  Dr.  Kevin 
Aylesworth  is  from  Gaithersburg,  Maryland,  which  is  also  in  Mary- 
land's Eighth  Congressional  District.  I  commend  you  on  your  out- 
standing selection  of  panelists  to  appear  before  the  Committee. 

Mr.  SCHIFF.  Thank  you.  You  say  that  NIH  is  in  your  district.  You 
had  better  keep  a  close  watch  on  that  throughout  the  hearing,  the 
contest  between  States  later.  On  this  side.  Congressman  Hastings? 

Mr.  Hastings.  Mr.  Chairman,  you  have  already  indicated  all  our 
statements  will  be  placed  in  the  record.  I  appreciate  it.  I  have  one 
interest  that  Dr.  Griffiths  is  going  to  address,  and  that  is  time  to 
degree.  I  note  that  that  is  an  interest  of  his.  But  I  think  you  are 
to  be  congratulated  on  holding  this  hearing,  Mr.  Chairman. 

[The  prepared  statement  of  Mr.  Hastings  follows:] 

Prepared  Statement  of  Hon.  Alcee  L.  Hastings 

I  thank  the  Chair  and  would  also  like  to  congratulate  him  for  having  the  foresight 
to  hold  hearings  on  this  important  issue. 

Congress,  as  a  whole,  is  often  called  upon  to  look  into  a  crystal  ball  and  find  an- 
swers to  questions  that  have  not  been  asked.  I  find  that  expectation  to  be  especially 
true  with  the  Science  Committee  and  its  Basic  Research  Subcommittee.  The  deci- 
sions that  we  make  not  only  affect  this  country's  leadership  in  the  realm  of  basic 
and  applied  science,  but  they  also  affect  this  country's  economic  power  in  a  growing 
world  market. 

Today  we  are  faced  with  the  serious  question  of  whether  or  not  there  has  been 
an  overproduction  of  PhD's  and  whether  or  not  our  educational  institutions  are 
training  our  fiiture  scientists  in  a  manner  that  will  make  them  relevant  in  the  job 
market. 

One  method  mentioned  of  handling  the  potential  problem  of  too  many  PhD's  is 
limiting  international  enrollment  in  PhD  programs.  This  is  not  a  solution  with 
which  I  agree.  This  country,  and  especially  its  educational  system,  must  not  encour- 
age xenophobia.  I  have  often  said  that  one  of  Amnerica's  greatest  assets  is  its  diver- 
sity. This  is  no  less  true  when  discussing  diversity  in  education. 

Short  of  such  unreasonable  measures,  I  look  forward  to  an  in  depth  discussion  of 
the  issues  at  hand  and  as  well  an  in  depth  analysis  as  how  to  address  them. 

Thank  you. 

Mr.  SCHIFF.  Thank  you,  Mr.  Hastings. 

Mr.  Ehlers? 

Mr.  Ehlers.  Thank  you,  Mr.  Chairman. 

Just  very  briefly.  First  of  all,  an  apology  to  you  and  members  of 
the  panel.  I  have  a  bill  up  in  the  Judiciary  Committee  at  10  o'clock, 
so  I  have  to  step  out  for  that,  but  I  will  try  to  return. 

The  other  comment  I  would  make  is  just  to  register  at  the  begin- 
ning, and  perhaps  the  panelists  want  to  explicitly  address  this  con- 
cern, I  remain  extremely  skeptical  about  any  plans  to  in  some  way 
control  the  supply  of  Ph.D.  scientists  that  are  permitted  to  enter 
and  to  leave  graduate  school. 

This  goes  back  to  my  experience  as  a  professor.  I  recall  some 
years  ago  the  word  was  out  that  there  were  enough  engineers.  En- 
gineers were  having  a  tough  time  finding  jobs.  The  word  spread 
throughout  the  community.  Engineering  enrollment  at  the  school  at 
which  I  taught  dropped  dramatically.  Many  of  them  switched  to 
business  and  a  few  other  professions.  Four  years  later,  when  these 
students  graduated,  there  was  a  great  demand  for  engineers,  par- 
tially because  the  low  enrollment  in  that  field. 
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There  was  an  oversupply  in  business  administration,  and  all 
these  students  came  around  and  said,  "Why  didn't  you  tell  me  to 
go  into  engineering?" 

To  somehow  think  that  we  have  the  knowledge  and  perspective 
to  adequately  judge  what  the  future  needs  are  of  the  Nation  in  a 
particular  economic  area  I  think  is  a  gross  act  of  egoism  and  should 
be  avoided. 

I  would  also  comment  that  many  of  my  friends  that  graduated 
with  me  and  got  Ph.D.s  in  physics  have  entered  other  fields.  One 
is  an  extremely  successful  stockbroker.  I  fell  away,  actually,  into 
Congress. 

[Laughter.] 

Mr.  Ehlers.  But  I  would  say  about  half  of  my  classmates  ended 
up  in  fields  other  than  physics.  But  the  analjrtical  skills  they 
learned  as  physicists  have  served  them  very  well.  Their  scientific 
background  has  served  them  very  well  in  the  professions  they  en- 
tered, and  I  happen  to  think  that  training  in  the  sciences  is  a  good 
background  for  entering  any  profession.  Therefore,  I  am  reluctant 
to  be  part  of  any  scheme  that  limits  that  enrollment. 

Thank  you. 

Mr.  SCHIFF.  Thank  you. 

Mr.  Bartlett? 

Mr.  Bartlett.  Thank  you  very  much. 

Having  spent  the  major  part  of  my  life  as  a  teacher  and  re- 
searcher in  science,  I  really  look  forward  to  this  hearing  and  am 
very  appreciative  of  the  high  quality  of  witnesses  that  have  been 
called  to  this  hearing.  Thank  you  very  much,  Mr.  Chairman. 

Mr.  SCHIFF.  I  want  to  take  a  moment  to  say  that  there  is  no 
shortage  of  lawyers.  I  feel  especially  fortunate  to  have  the  two  indi- 
viduals who  have  actually  done  hands-on  research  both  on  this 
Subcommittee.  Any  further  requests  for  opening  statements? 

[No  response.] 

Mr.  SCHIFF.  Seeing  none,  I  would  like  to  welcome  Dr.  Phillip 
Griffiths  to  testify.  Dr.  Griffiths  is  the  Chair  of  the  Committee  on 
Science,  Engineering,  and  Public  Policy  of  the  National  Academy  of 
Sciences,  which  produced  the  report  that  is  under  consideration 
today,  and  is  also  director  of  the  Institute  for  Advanced  Study  at 
Princeton  University. 

Dr.  Griffiths,  welcome.  As  you  know,  our  procedure  is,  without 
objection,  your  written  statement  will  be  made  a  part  of  the  record, 
and  I  would  welcome  you  summarizing  as  you  see  fit.  Then  we  will 
proceed  to  questions. 

STATEMENT  OF  DR.  PHILLIP  GRIFFITHS,  CHAIR,  COMMITTEE 
ON  SCIENCE,  ENGINEERING,  AND  PUBLIC  POLICY,  NA- 
TIONAL ACADEMY  OF  SCIENCES;  AND  DIRECTOR,  INSTITUTE 
FOR  ADVANCED  STUDY,  PRINCETON,  NEW  JERSEY 

Dr.  Griffiths.  Thank  you,  Mr.  Chairman.  I  very  much  appre- 
ciate the  opportunity  that  you  and  your  colleagues  have  given  me 
to  present  a  statement  on  this  important  subject. 

In  the  fall  of  1993  the  Committee  on  Science,  Engineering,  and 
Public  Policy  proposed  a  thorough  study  of  the  Nation's  graduate 
education  and  training  systems  for  scientists  and  engineers.  The 
purposes  of  the  study  were  to  assess  how  well  the  system  is  able 
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to  support  national  research  and  technology  goals  in  the  post-Cold 
War  era  and  to  recommend  any  needed  improvements  and  to  rec- 
ommend new  national  goals. 

In  exploring  this  issue,  we  have  had  extended  and  elaborate  dis- 
cussions with  representatives  from  academe,  government,  and  in- 
dustry. We  have  and  solicited  and  gotten  formal  written  responses 
from  graduate  students,  postdoctorates,  traditional  and  nontradi- 
tional  employers,  researchers,  deans,  and  administrators  through- 
out the  country. 

One  of  our  findings  did  not  surprise  us.  Our  graduate  schools 
have  done  such  a  superb  job  in  educating  scientists  and  engineers 
that  our  system  has  become  a  model  for  the  world.  But  we  also 
found  that  several  important  assumptions  about  the  careers  of  sci- 
entists and  engineers  do  not  hold  up  under  close  examination.  Let 
me  name  just  a  couple  of  them. 

Myth  number  one  is  that  most  Ph.D.s  go  on  to  careers  in  aca- 
deme. We  all  know  about  the  so-called  standard  career  model. 
Young  Ph.D.s  find  a  job  where  they  continue  the  research  they 
began  in  graduate  school  and  acquire  research  assistants  of  their 
own.  This  model  is  accurate  in  some  cases,  but  it  is  not  the  norm. 
In  fact,  more  than  half  of  Ph.D.s  go  to  nonacademic  jobs,  and  this 
proportion  has  been  growing  steadily  over  the  last  20  years. 

Myth  number  two  is  that  there  is  high  unemployment  among 
Ph.D.s.  This  assertion  is  dramatized  in  both  the  popular  scientific 
press,  but  according  to  the  latest  data,  unemployment  among  all 
scientists  and  engineers  is  low,  around  1.6  percent  in  1993.  For 
new  Ph.D.s,  the  rate  has  risen  to  about  2  percent  in  1993  from 
about  1.5  percent  during  the  1980's.  Both  figures  are  far  lower 
than  those  for  professionals  and  for  the  labor  force  as  a  whole. 

Rather,  the  high  unemplo5anent  rates  of  Ph.D.s  upon  graduation 
is  due  instead  to  delays  in  employment  rather  than  true  unemploy- 
ment. 

Now  let  me  offer  a  couple  of  facts.  First,  while  the  number  of  jobs 
in  traditional  areas,  such  as  the  academic  sector  and  in  basic  re- 
search are  decreasing,  the  number  of  Ph.D.s  employed  in  business 
and  industry  and  in  applied  research  and  development  is  increas- 
ing. 

Second,  both  the  time  required  to  find  employment  and  the  time 
required  to  earn  a  doctorate  have  lengthened  in  all  fields  of  science 
and  engineering  over  the  last  30  years.  In  some  fields,  this  increase 
is  more  than  30  percent. 

Third,  and  this  fact  is  based  largely  on  interviews  and  testimony 
heard  by  the  committee,  more  new  Ph.D.s  are  entering  postdoctoral 
study,  working  in  temporary  research  positions,  or  taking  one-year 
faculty  jobs.  In  other  words,  the  queue  is  forming  for  tenure  track 
and  other  potentially  permanent  jobs,  and  the  queue  seems  to  be 
growing  longer. 

What  result  do  we  see  when  we  add  these  myths  and  facts  to- 
gether? One  is  that  recent  Ph.D.s  are  finding  jobs,  but  they  are 
finding  nonacademic  jobs  more  easily  than  they  are  finding  aca- 
demic research  positions.  They  are  feeling  the  pain  of  unmet  expec- 
tations. 

Another  result  is  that  there  is  something  inefficient  about  the 
process  by  which  we  are  educating  our  Ph.D.s  and  preparing  them 
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for  employment.  In  part,  this  inefficiency  is  caused  by  large  struc- 
tural changes  in  the  employment  landscape,  cuts  in  defense  spend- 
ing, restructuring  industries,  and  slower  growth  in  Federal  R&D 
spending  have  altered  our  market  for  scientists  and  engineers.  And 
the  conduct  of  science  is  changing.  The  organization  of  science  is 
becoming  more  flexible  as  boundaries  between  fields  become  more 
permeable.  As  a  result,  scientists  place  high  values  on  scientists 
and  engineers  who  can  communicate,  collaborate,  and  work  across 
disciplines. 

Meanwhile,  graduate  students  still  are  encouraged  to  specialize 
in  their  own  disciplines.  This  might  be  appropriate  if  the  only  mis- 
sion of  graduate  programs  were  to  produce  the  next  generation  of 
academic  researchers.  But  our  new  Ph.D.s  must  be  prepared  to 
meet  broader  challenges,  including  the  needs  of  industrial  and 
technological  development,  health  care,  environmental  protection, 
economic  growth,  pre-coUege  education,  and  urban  decay. 

So,  how  can  we  modify  what  is,  in  many  ways,  a  highly  success- 
ful system  so  that  it  offers  greater  educational  value?  How  can  we 
produce  students  who  have  more  career  choices  and  employment 
options,  who  can  become  more  valuable  to  their  employers? 

Let  me  offer  a  summary  of  our  recommendations.  We  envision 
the  Ph.D.  of  the  fiiture  as  a  different  degree  from  that  of  the 
present.  It  would  retain  the  best  aspects  of  the  existing  Ph.D.  in 
providing  students  an  independent  research  experience.  At  the 
same  time,  it  would  have  the  different  goal  of  enhancing  career  op- 
tions and  broadening  students'  horizons.  This  goal  is  reflected  al- 
ready in  numerous  programs  in  experiments  underway  at  many 
universities  and  colleges. 

First,  we  suggest  that  graduate  programs  be  more  flexible  and 
provide  more  options  for  students.  In  the  past,  graduate  school  was 
seen  as  a  relatively  straight  and  narrow  path  toward  academic  em- 
ployment. Our  report  suggests  that  this  path  should  be  neither 
straight  nor  narrow,  but  should  consist  of  multiple  branching  deci- 
sion points. 

Greater  versatility  can  be  promoted  on  two  levels.  On  the  aca- 
demic level,  students  should  be  discouraged  from  overspecializing. 
Those  planning  research  careers  should  be  grounded  in  the  broad 
fundamentals  of  their  fields  and  familiar  with  several  subfields. 
Such  breadth  might  be  much  harder  to  gain  after  graduation. 

On  the  level  of  career  skills,  there  is  value  in  experiences  that 
supply  skills  desired  by  both  academic  and  nonacademic  employers, 
especially  the  ability  to  communicate  complex  ideas  to 
nonspecialists  and  the  ability  to  work  well  in  teams. 

Off  campus,  internships  in  industry  or  government  can  lead  to 
additional  skills  and  exposure  to  authentic  job  situations. 

Let  me  add  that  we  discussed  various  alternatives  to  the  tradi- 
tional degree,  including  a  non-research  version  that  some  people 
have  called  "Ph.D. -lite."  However,  we  heard  consistently  from  em- 
ployers that  they  place  extremely  high  value  on  the  original  re- 
search experience  provided  by  the  Ph.D.. 

Our  second  recommendation  is  that  students  should  receive  bet- 
ter career  information  and  guidance.  This  is  an  area  where  we  feel 
students  have  not  been  well  served.  If  graduate  students  are  going 
to  make  good  decisions  in  planning  their  academic  and  professional 
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careers,  they  need  more  up-to-date,  accurate,  and  accessible  infor- 
mation. 

In  our  report,  the  committee  recommends  the  estabhshment  of  a 
national  database  of  information  on  employment  options  and 
trends.  This  information  is  intended  for  both  students  and  faculty 
advisors,  and  it  should  include  data  on  career  paths  as  well  as  on 
such  topics  as  graduate  programs,  financial  aid,  time  to  degree, 
and  placement  rates.  We  urge  the  partners  to  enhance  the  quality 
of  the  information  by  tracking  the  employment  experiences  of  their 
own  graduates. 

Additional  analysis  is  needed  as  well.  For  example,  the  National 
Research  Council  is  currently  conducting  two  independent  analyses 
of  the  employment  patterns  and  career  paths  of  young  doctorates 
in  the  fields  of  life  sciences  and  physical  sciences.  We  beheve  that 
greatly  improved  information  and  guidance  will  enhance  the  ability 
of  the  system  to  self-correct  over  time  and  improve  the  balance  of 
supply  and  demand. 

When  the  emplojrment  situation  is  poor,  better-informed  students 
can  pursue  options  other  than  the  Ph.D..  When  the  market  is  ex- 
panding, students  can  move  more  flexibly  and  rapidly  in  the  direc- 
tion of  emplojonent  demand. 

COSEPUP  will  be  conducting  two  projects  itself  to  inform  stu- 
dents, hopefully  in  conjunction  with  disciplinary  societies.  The  first 
project  will  provide  a  brief  summary  of  our  graduate  education  re- 
port to  students  and  their  advisors  so  they  are  better  informed 
about  graduate  education  and  the  emplojmient  market  for  sci- 
entists and  engineers. 

In  the  second  project,  COSEPUP  will  develop  an  Internet-based 
student  decisionmaking  guide  so  students  have  advice  available  to 
them  when  they  make  decisions  such  as  whether  or  not  to  attend 
graduate  school,  how  they  should  manage  their  graduate  program, 
and  when  they  evaluate  the  full  range  of  career  options  they  can 
pursue. 

Third,  we  believe  that  time  to  degree  should  be  tightened.  Al- 
though we  did  not  make  a  formal  recommendation  in  the  report, 
the  committee  feels  that  both  curricula  and  time  to  degree  can  be 
better  controlled.  It  now  takes  about  eight  years  to  get  a  Ph.D.  in 
science  and  engineering,  an  increase  of  almost  two  years  since 
1962. 

While  we  do  need  to  consider  the  needs  of  graduate  students  who 
have  families  and  must  support  themselves,  we  feel  that  there  can 
be  tightening.  Our  concern  is  that  students  now  remain  in  grad- 
uate school  longer  than  necessary,  working  as  research  and  teach- 
ing assistants.  For  various  reasons,  arts  and  sciences  faculties  have 
been  less  disciplined  than  professional  school  faculty  in  tightening 
their  curriculum. 

Fourth,  we  recommend  a  new  class  of  grants  called  education/ 
training  grants.  These  grants  would  be  awarded  competitively  to 
institutions  and  departments  that  propose  to  improve  the  versa- 
tility of  students,  strengthen  advisory  systems,  tighten  curricula, 
and  so  on. 

Another  goal  is  to  shift  the  extra  work  required  for  a  career  in 
basic  research  into  the  postdoctoral  years.  This  by  itself  would  help 
shorten  the  time  to  degree. 
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These  grants  can  also  be  used  to  promote  certain  emerging  fields, 
interdisciplinary  programs,  industry  involvement,  and  the  partici- 
pation of  underrepresented  groups. 

You  will  note  that  we  have  not,  as  have  others,  called  for  limits 
on  the  number  of  Ph.D.s.  Such  a  step  is  neither  desirable  nor  prac- 
tical. There  is  no  effective  simple  mechanism  by  which  to  limit  en- 
rollments, and  even  if  there  were,  it  would  have  little  immediate 
impact. 

It  is  hard  to  imagine,  for  example,  setting  a  national  quota  on 
the  number  of  Ph.D.  mathematicians  that  would  be  produced  by 
this  country.  How  would  such  a  limit  be  set?  Who  would  set  tliis 
limit?  Who  would  decide  which  institutions  could  and  could  not 
grant  a  given  number  of  Ph.D.s?  How  would  it  be  enforced,  and 
once  a  limit  is  set,  how  long  would  it  be  set  for?  What  if  the  coun- 
try suddenly  needed  additional  expertise  in  the  area  of  bio- 
technology, for  example,  and  the  human  resources  were  unavail- 
able? 

The  graduate  education  system  is  a  highly  decentralized  one,  and 
attempts  to  direct  it  may  have  surprising  £ind  unintended  con- 
sequences that  could  be  harmful  to  the  research  enterprise  as  a 
whole.  Therefore,  it  is  better  to  let  the  marketplace  dictate  policy, 
provide  students  with  the  information  and  education  they  need  to 
respond  to  that  marketplace,  and  let  academic  institutions  continue 
to  decide  on  their  own  how  many  students  are  appropriate  for  the 
program  and  how  long  it  should  take  students  to  attain  a  degree. 

I  would  like  to  summarize  by  telling  you  the  top  three  items 
where  your  committee  could  specifically  help  support  appropriate 
changes  in  the  graduate  education  system.  Note  that  none  of  these 
changes  require  additional  funding.  Rather,  they  require 
reallocation  of  funding  currently  available. 

These  actions  include  encouraging  the  efforts  of  NSF,  NIH,  and 
other  agencies  to  fund  graduate  education  to,  one,  adjust  support 
mechanisms  to  recruit  education/training  grants  to  departments 
and  programs.  These  grants  would  provide  financial  incentives  for 
universities  to  improve  the  versatility  of  graduate  programs,  pro- 
vide better  career  information  and  guidance,  and  to  control  the 
time  it  takes  to  attain  a  degree. 

Second,  establish  a  national  database  designed  and  managed  by 
the  research  community  on  emplojnnent  options  and  trends.  These 
databases  could  provide  students  and  their  advisors  with  more  ap- 
propriate and  timely  information. 

Third,  improve  the  coverage,  timeliness,  and  analysis  of  data  on 
the  education  and  employment  of  scientists  and  engineers.  This 
analysis  should  focus  on  the  current  employment  marketplace  for 
graduate  scientists  and  engineers. 

Thank  you  very  much.  I  would  be  happy  to  answer  any  questions 
you  might  have  about  the  report  or  possible  actions  the  Federal 
Government  could  take  in  this  area. 

[The  prepared  statement  of  Dr.  Griffiths  follows:] 
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In  the  fall  of  1993,  the  Committee  on  Science.  Engineenng,  and  Public  Policy 
proposed  a  thorough  study  of  the  nation's  graduate  education  and  trainmg  system  for 
scientists  and  engineers.    The  purposes  of  the  study  were  to  assess  how  well  that  system  is 
able  to  support  national  research  and  technology  goals  in  the  post-Cold  War  era,  to 
recommend  any  needed  improvements,  and  to  develop  new  national  goals. 

In  exploring  this  issue,  we've  had  extended  and  lively  discussions  with  representatives 
of  academe,  government,  and  industry.    We've  met  and  solicited  formal,  written  responses 
from  graduate  students,  postdoctorates,  traditional  and  non-traditional  employers, 
researchers,  deans,  and  administrators  throughout  the  country. 

One  of  our  findings  did  not  surprise  us:    Our  graduate  schools  have  done  such  a 
superb  job  educating  scientists  and  engineers  that  our  system  has  become  a  model  for  the 
world.    But  we  also  found  that  several  important  assumptions  about  the  careers  of  scientists 
and  engineers  do  not  hold  up  under  close  examination.    Let  me  name  just  a  couple  of  them. 

Myth  number  1  is  that  most  PhDs  go  on  to  careers  in  academe.  We  all  know  about 
the  so-called  standard  career  model:    Young  PhDs  find  a  job  where  they  continue  the 
research  they  began  in  graduate  school  and  acquire  research  assistants  of  their  own. 

This  model  is  accurate  in  some  cases,  but  it  is  not  the  norm.  In  fact,  more  than  half 
of  PhDs  go  on  to  non-academic  jobs,  and  this  proportion  has  been  growing  steadily  over  the 
last  20  years. 

Myth  number  2  is  that  there  is  high  unemployment  among  PhDs.    This  assertion  is 
dramatized  in  both  the  popular  and  scientific  press,  but  according  to  the  latest  data, 
unemployment  among  all  scientists  and  engineers  is  low  —  around  1.6  percent  in  1993.    For 
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new  PhDs,  the  rate  has  risen  to  about  2  percent  in  1993  from  about  1.5  percent  dunng  the 
1980s.    Both  figures  are  far  lower  than  those  for  professionals,  and  for  the  labor  force  as  a 
whole.    Rather,  the  high  unemployment  rates  of  PhDs  upon  graduation  is  due  instead  to 
delays  in  employment  rather  than  true  unemployment. 

Now  let  me  offer  a  couple  of  facts.    First,  while  the  number  of  jobs  in  traditional 
areas  such  as  the  academic  sector  and  in  basic  research  are  decreasing,  the  number  of  PhDs 
employed  in  business  and  industry  and  in  applied  research  and  development  is  increasing. 

Second,  both  the  time  required  to  find  employment  and  the  time  required  to  earn  a 
doctorate  have  lengthened  in  all  fields  of  science  and  engineenng  over  the  last  30  years.    In 
some  fields  this  increase  is  more  than  30  percent. 

Third,  and  this  fact  is  based  largely  on  interviews  and  testimony  heard  by  the 
committee,  more  new  PhDs  are  entering  postdoctoral  study,  working  in  temporary  research 
positions,  or  taking  one-year  faculty  jobs.    In  other  words,  a  queue  is  forming  for  tenure- 
track  and  other  potentially  permanent  jobs,  and  the  queue  seems  to  be  growing  longer. 

What  result  do  we  see  when  we  add  these  myths  and  facts  together?   One  is  that 
recent  PhDs  are  finding  jobs  —  but  they  are  finding  non-academic  jobs  more  easily  than  they 
are  finding  academic  research  positions.   They  are  feeling  the  pain  of  unmet  expectations. 
Another  result  is  that  there  is  something  inefficient  about  the  process  by  whicn  we  are 
educating  our  PhDs  and  preparing  them  for  employment. 

In  part,  this  inefficiency  is  caused  by  large  structural  changes  in  the  employment 
landscape.    Cuts  in  defense  spending,  restructuring  in  industries,  and  slower  growth  in 
federal  R&D  spending  have  altered  our  market  for  scientists  and  engineers. 
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And  the  conduct  of  science  is  changing.    The  organization  of  science  is  becoming 
more  flexible  as  the  boundaries  between  fields  become  more  permeable.    As  a  result, 
employers  place  high  value  on  scientists  and  engineers  who  can  communicate,  collaborate, 
and  work  across  disciplines. 

Meanwhile,  graduate  students  still  are  encouraged  to  specialize  in  narrow  disciplines. 
This  might  be  appropnate  if  the  only  mission  of  graduate  programs  were  to  produce  the  next 
generation  of  academic  researchers.    But  our  new  PhDs  also  must  be  prepared  to  meet 
broader  challenges  including  the  needs  of  industrial  and  technological  development,  health 
care,  environmental  protection,  economic  growth,  pre-college  education,  and  urban  decay. 

So  how  can  we  modify  what  is  in  many  ways  a  highly  successful  system  so  that  it 
offers  greater  educational  value?    How  can  we  produce  students  who  have  more  career 
choices  and  employment  options,  and  who  become  more  versatile  and  valuable  to  their 
employers?    Let  me  offer  a  summary  of  our  recommendations. 

We  envision  the  "PhD  of  the  future"  as  a  different  degree  from  that  of  the  present.    It 
would  retain  the  best  aspects  of  the  existing  PhD  in  providing  students  an  independent 
research  experience.    At  the  same  time,  it  would  have  the  different  goal  of  enhancing  career 
options  and  broadening  students'  horizons.    This  goal  is  reflected  already  in  numerous 
programs  and  experiments  under  way  at  many  universities  and  colleges. 

First,  we  suggest  that  graduate  programs  be  more  flexible  and  provide  more 
options  for  students.  In  the  past,  graduate  school  was  seen  as  a  relatively  straight  and 
narrow  path  toward  academic  employment.  Our  report  suggests  that  this  path  should  be 
neither  straight  nor  narrow,  but  should  consist  of  multiple,  branching  decision  points. 
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Greater  versatility  can  be  promoted  on  tuo  le^els.    On  the  academic  level,  students 
should  be  discouraged  from  over-specializing.    Those  planning  research  careers  should  be 
grounded  in  the  broad  fundamentals  of  their  fields  and  be  familiar  with  several  subfields. 
Such  breadth  might  be  much  harder  to  gain  after  graduation. 

On  the  level  of  career  skills,  there  is  value  in  experiences  that  supply  skills  desired  bv 
both  academic  and  non-academic  employers,  especially  the  ability  to  communicate  complex 
ideas  to  non-specialists  and  the  ability  to  work  well  in  teams.    Off-campus  internships  in 
industry  or  government  can  lead  to  additional  skills  and  exposure  to  authentic  job  situations. 

Let  me  add  that  we  discussed  various  alternatives  to  the  traditional  degree,  including  a 
non-research  version  that  some  people  have  called  "PhD-lite."    However,  we  heard 
consistently  from  employers  that  they  place  high  value  on  the  original  research  experience 
provided  by  the  PhD. 

Our  second  recommendation  is  that  students  should  receive  better  career 
information  and  guidance.    This  is  an  area  where  we  feel  students  have  not  been  well 
served.    If  graduate  students  are  going  to  make  good  decisions  in  planning  their  academic 
and  professional  careers,  they  need  more  up-to-date,  accurate,  and  accessible  information. 

In  our  report,  the  committee  recommends  the  establishment  of  a  national  data  base  of 
information  on  employment  options  and  trends.    This  information  is  intended  for  both 
students  and  faculty  advisers,  and  it  should  include  data  on  career  paths  as  well  as  on  such 
topics  as  graduate  programs,  financial  aid,  time  to  degree,  and  placement  rates.    We  urge 
departments  to  enhance  the  quality  of  the  information  by  tracking  the  employment 
experiences  of  their  own  graduates. 
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Additional  analysis  is  needed  as  well.    For  example,  the  National  Research  Council  is 
currently  conducting  two  independent  analyses  of  the  employment  patterns  and  career  paths 
of  young  doctorates  in  the  fields  of  life  sciences  and  physical  sciences. 

We  believe  that  greatly  improved  information  and  guidance  will  enhance  the  ability  of 
the  system  to  self-correct  over  time  and  improve  the  balance  of  supply  and  demand.    When 
the  employment  situation  is  poor,  better  informed  students  can  pursue  options  other  than  the 
PhD;  when  the  market  is  expanding,  students  can  move  more  flexibly  and  rapidly  in  the 
direction  of  employment  demand. 

COSEPUP  will  be  conducting  two  projects  itself  to  inform  students,  hopefully  in 
conjunction  with  disciplinary  societies.    The  first  project  will  provide  a  brief  summary  of  our 
graduate  education  report  to  students  and  their  advisors  so  they  are  better  informed  about 
graduate  education  and  the  employment  market  for  scientists  and  engineers.    In  the  second 
project,  COSEPUP  will  develop  a  internet-based  student  decisionmaking  guide  so  students 
have  advice  available  to  them  when  they  make  decisions  such  as  whether  or  not  to  attend 
graduate  school,  how  they  should  manage  their  graduate  program,  and  when  they  evaluate 
the  full  range  of  career  options  they  can  pursue. 

Third,  we  believe  that  time  to  degree  should  be  tightened.    Although  we  do  not 
make  a  formal  recommendation  in  the  report,  the  committee  feels  that  both  curricula  and 
time  to  degree  can  be  controlled.    It  now  takes  about  eight  years  to  get  a  PhD  in  science  and 
engineering,  an  increase  of  almost  two  years  since  1962.    While  we  do  need  to  consider  the 
needs  of  graduate  students  who  have  families  and  must  support  themselves,  we  still  feel  that 
there  can  be  tightening.    Our  concern  is  that  students  now  remain  in  graduate  school  longer 
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than  necessary,  working  as  research  and  teaching  assistants.    For  various  reasons,  arts  and 
sciences  faculty  have  been  less  disciplined  than  professional  school  faculty  in  tightening  their 
curricula. 

Fourth,  we  recommend  a  new  class  of  grants  called  education/training  grants. 

These  grants  would  be  awarded  competitively  to  institutions  and  departments  that  propose  to 
improve  the  versatility  of  students,  strengthen  advisory  systems,  tighten  curricula,  and  so  on. 
Another  goal  is  to  shift  the  extra  work  required  for  a  career  in  basic  research  into  the 
postdoctoral  years.    This  by  itself  would  help  shorten  the  time  to  degree.    These  grants  also 
can  be  used  to  promote  certain  emerging  fields,  interdisciplinary  programs,  industry 
involvement,  and  the  participation  of  underrepresented  groups. 

You  will  note  that  we  have  not.  as  have  others,  called  for  limits  on  the  number  of 
PhDs.    Such  a  step  is  neither  desirable  or  practical.    There  is  no  effective  central  mechanism 
by  which  to  limit  enrollments  and  even  if  there  were,  it  would  have  little  immediate  impact. 
It  is  hard  to  imagine,  for  example,  setting  a  national  quota  on  the  number  of  PhD 
mathematicians  that  would  be  produced  by  this  country.    How  would  such  a  limit  be  set? 
Who  would  set  this  limit?   Who  wotild  decide  which  institutions  could  and  could  not  grant  a 
given  number  of  PhDs?    How  would  it  be  enforced?    And,  once  a  limit  is  set,  how  long 
would  it  be  set  for?    What  if  the  country  suddenly  needed  additional  expertise  in  the  area  of 
biotechnology,  for  example,  and  the  human  resources  were  unavailable? 

The  graduate  education  system  is  a  nighly  decentralized  one,  and  attempts  to  direct  it 
may  have  surprising  and  unintended  consequences  that  could  be  harmful  to  the  research 
enterprise  as  a  whole;  therefore,  it  is  better  to  let  the  marketplace  dictate  policy,  provide 
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students  with  the  information  and  ediication  they  need  to  respond  to  that  marketplace,  and  let 
academic  institutions  continue  to  decide,  on  their  own,  how  many  students  are  appropriate 
for  their  program  and  how  long  it  should  take  students  to  attain  a  degree. 

We  have  also  not  tried  to  make  the  PhD  into  a  job-training  degree.  Making  the  PhD 
a  more  vocational  degree  would  both  dilute  its  value  and  require  us  to  know  the  direction  of 
future  job  growth,  and  history  has  shown  how  difficult  this  is. 

How  can  reforms  like  this  work  in  a  system  as  decentralized  as  graduate  education?    I 
think  there  is  only  one  way,  and  that  is  for  the  major  participants  —  universities, 
government,  industry,  foundations  —  to  get  together  around  the  table.    While  some  major 
universities  have  been  reluctant  to  consider  reforms,  I  feel  that  these  steps  will  strengthen  an 
educational  process  that  must  change  at  least  as  fast  as  the  society  that  supports  it.    Industry 
also  must  be  an  active  participant,  since  there  are  indications  that  most  job  growth  is  taking 
place  in  the  private  sector. 

I  don"t  want  to  leave  you  with  the  impression  that  this  is  just  another  call  for  further 
study.     Our  committee  is  calling  for  consequential  action  and  dialogue  on  our  findings  and 
recommendations.    For  this  topic,  however,  where  individual  universities  will  have  to  hear 
from  the  rest  of  us  and  then  make  their  own  decisions,  dialogue  is  the  first  crucial  step  to 
taking  action.    If  all  the  participants  in  the  graduate  education  system  begin  to  talk  to  one 
another,  then  those  with  the  power  to  implement  the  recommendations  can  begin  to  do  so. 

I'd  like  to  summarize  by  telling  you  the  top  three  actions  items  where  your  committee 
can  specifically  help  support  appropriate  changes  in  the  graduate  education  system.  Note  that 
none  of  these  changes  require  additional  funding-rather  they  just  require  reallocation  of 
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funding  currently  available.    These  actions  include  encouraging  NSF.  NIH.  and  other 
agencies  that  fund  graduate  education  to: 

•  Adjust  support  mechanisms  to  include  education/training  grants  to 
departments  and  programs.   These  grants  would  provide  financial  incentives  for 
universities  to  improve  the  versatility  of  graduate  programs,  provide  better  career  information 
and  guidance,  and  to  control  the  time  it  takes  to  attain  a  degree. 

•  Elstablish  a  national  database  designed  and  managed  by  the  research 
community  on  employment  options  and  trends.   This  database  could  provide  students  and 
their  advisors  with  more  appropriate  and  timely  information. 

•  Improve  the  coverage,  timeliness,  and  analysis  of  data  on  the  education 
and  employment  of  scientists  and  engineers.   This  analysis  should  focus  on  the  current 
employment  marketplace  for  graduate  scientists  and  engineers. 

Thank  you  very  much.    I  would  be  happy  to  answer  any  questions  you  might  have 
about  the  report  or  possible  actions  that  the  federal  government  could  take  in  this  area. 
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NA  TJONAL  ACADEMY  OF  SCIENCES 
HA  HONAL  A  CADEMY  OF  ENGINEERING 
INSTITUTE  OF  MEDICINE 


COMMITTEE  ON 

SCIENCE,  ENGINEERING.  AND 

PUBLIC  POUCY 


Reshaping  the  Graduate  Education  of  Scientists  and  Engineers 


The  graduate  education  of  scientists  and  engineers  -  an 
activity  of  growing  impoitance  in  an  increasingly  technological 
world  —  must  change  to  reflect  developments  in  science, 
engineering,  the  economy,  and  the  broader  society.  With  more 
than  half  of  new  PhDs  going  to  work  in  nonacademic  settings, 
graduate  education  needs  to  impart  a  broader  range  of  skills.  At 
the  same  time,  the  PhD  should  retain  the  features,  including  an 
original  research  experience,  that  have  made  it  a  world  model. 

The  result  of  these  changes,  writes  the  Committee  on 
Science,  Engineering,  and  Public  Policy  in  its  report  Reshaping 
the  Graduate  Education  of  Scientists  and  Engineers,  would  be 
a  new  kind  of  PhO,  one  that  emphasizes  adaptability  and 
versatility  as  well  as  technical  proficiency.  COSEPUP,  a  joint 
committee  of  the  National  Academy  of  Sciences,  the  National 
Academy  of  Engineering,  and  the  Institute  of  Medicine, 
recommends  that  graduate  programs  provide  a  broader  exposure 
to  experiences  desired  by  both  academic  and  nonacademic 
employers.  Faculty  and  institutions  also  should  offer  better 
career  information  and  guidance  to  students  so  that  they  can 
make  well-informed  decisions  in  plaiming  their  academic  and 
professional  careers.  Graduate  education,  ideally,  prepares 
students  for  an  increasingly  interdisciplinary,  collaborative,  and 
global  job  market  and  should  not  be  viewed  only  as  a  byproduct 
of  inmiersion  in  an  intensive  research  experience.  The  primary 
objective  of  graduate  education  should  be  the  education  of 
smdents. 

The  changing  job  market.  Scientists  and  engineers  with  FhDs 
and  other  advanced  degrees  play  a  central  and  growing  role  in 
American  industrial  and  commercial  life.  They  contribute 
directly  to  the  national  goals  of  technological,  economic,  and 
cultural  development  —  not  only  as  researchers  and  educators 
but  in  a  wide  variety  of  other  professional  roles.  And  as  the 
country  responds  to  expanded  economic  competition,  urgent 
public  health  needs,  enviroiunental  degradation,  new  national 
security  challenges,  and  other  pressing  issues.  A  widening 
variety  of  professions  and  organizations  are  hiring  the 
approximately  25,000  people  who  receive  a  PhD  each  year  (up 
from  about  18,000  a  decade  ago). 

But  a  mismatch  between  the  numbers  of  new  PhDs  and 
traditional  research-oriented  jobs  in  academia  has  led  to 
considerable  frustration  and  disappointment  among  yoimg 
scientists  and  engineers.  Fewer  than  one  third  of  those  who 
received  PhDs  in  science  and  engineering  in  1983-86  were  in 
tenure  frack  positions  or  had  tenure  in  1991.  New  PhDs  are 
spending  more  time  as  postdoctoral  fellows  while  they  wait  for 
permanent  jobs  to  become  available.  Downsizing  and 
restructuring  in  industry  and  government  also  have  reduced  the 
nimiber  of  jobs  focused  on  basic  research  in  those  sectors. 

Despite  the  difficulties  fmding  jobs  in  basic  research, 
hiring  in  other  areas  has  been  vigorous  enough  to  keep  the 


overall  unemployment  level  of  PhDs  relatively  low.  An 
increasing  number  of  doaorate  recipients  are  doing  applied 
research,  development,  and  management  in  industry,  working  in 
govenunent  or  nonprofit  institutions,  or  teaching  in  elementary 
schools  and  secondary. 


To  foster  the  new  model  of  PhD 
education  recoaunended  by 
COSEPUP,  colleges  and 
universities  and  their  faculties 
should: 

•  Oive  students  more  options 
in  pursuing  the  PhD. 

•  Provide  a  broader 
educational  experience 
through  such  mechanisms  as 
intemshq»  or  minor  degrees. 

•  Provide  better  career 
guidance  and  job  placement 
to  entering  and  graduating 
soidents. 

•  Control  the  time  to  degree. 


A  new  PhD.  COSEPUP 
foimd  a  common  theme 
in  its  examination  of  the 
job  market  for  PhDs. 
Many  fiiture  job  oppor- 
tunities will  favor 
students  with  a  greater 
breadth  of  academic  and 
career  skills  than 
graduate  students  typic- 
ally acquire  today.  The 
committee  therefore  rec- 
ommended a  new  model 
of  PhD  education  that 
incorporates  the  follow- 
ing changes: 

•  More  versatility.  Graduate  programs,  especially  at 
the  departmental  level,  should  provide  options  that  allow 
students  to  gain  a  wider  variety  of  academic  and  career  skills. 
Students  who  intend  to  seek  a  career  in  basic  research  should 
have  a  groimding  in  the  broad  fundamentals  of  their  fields  and 
should  have  some  personal  familiarity  with  several  subfields. 
In  addition,  experiences  that  supply  career  skills  beyond  those 
gained  in  the  classroom  and  laboratory,  such  as  off-campus 
internships,  could  make  graduates  more  effective  in  business, 
goverrunent,  and  academia  at  all  levels.  Many  institutions  have 
been  experimenting  with  such  iimovations,  providing  a  rich 
array  of  reproducible  models. 

Employers  in  all 
sectors  value  the  reqtiire- 
ment  for  original  re- 
search that  is  the  hall- 
mark of  the  PhD.  Hybrid 
degrees  that  do  not 
involve  such  research 
have  not  been  successfiil 
in  the  past.  But  a  smdent 
interested  in  working  in 
nontraditional  fields 
should  have  the  option  to 
design  a  dissertation  that 
meets  high  standards  for  originality  but  is  more  flexible  in  terms 
of  time  required,  subject  matter  treated,  and  approach  taken. 

•  Better  career  information  and  guidance.  The  lack 
of  accurate,  timely,  and  accessible  data  on  employment  trends. 


Students  should: 

•  Obtain,  before  entering  a 
graduate  school,  information 
on  the  employment  pattern  of 
the  school's  gradoates. 

•  Pursue  an  education  that 
provides  a  broad  range  of 
experiences. 

•  Press  advisors  for 
information  on  career  options 
and  realistic  employment 
expectations. , 
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careers,  and  sources  of  student  support  is  a  serious  flaw  in  the 
graduate  education  system.  A  national  database  that  covers  such 
issues  as  financial  aid,  time  to  degree,  and  placement  rates  — 
including  information  gathered  and  disseminated  through  the 
Internet  —  could  help  students  and  their  advisers  make  informed 
decisions  about  professional  careers. 

•  Less  time  to  degree.  The  median  number  of  years 
between  receipt  of  a  bachelors  degree  and  a  PhD  in  science  and 
engineering  has  risen  to  more  than  eight  years,  an  increase  of 
about  2  years  since  1960.  The  reasons  for  this  increase  are 
largely  imknown,  but  some  of  it  may  be  a  result  of  students 
working  as  highly  specialized  research  assistants  or  as  teaching 
assistants  in  ways  that  do  not  directly  contribute  to  their 
education.  Each  institution  should  set  its  own  standards  for  time 
to  degree  and  enforce  them. 

•  Education/training  grants.  The  heavy  reliance  on 
research  assistantships  for 
graduate  student  support 
has  tended  to  make  the 
needs  of  research  projects 
rather  than  the  students' 
educational  needs  para- 
mount. Education/train- 
ing grants  awarded 
competitively  to  institu- 
tions and  departments 
that  emphasize  adapt- 
ability and  breadth  could 
help  develop  and  sustain 
locally  developed 
programs. 


Goverrunenl  should: 

•  Adjust  support  mechanisms 
to  include  education/training 
grants  to  departments  and 
programs. 

•  Act  to  ensure  continued 
diversity  among  institutions 
and  research  excellence. 

•  Help  establish  a  national 
database  designed  and 
managed  by  the  research 
community  on  employment 
options  and  trends. 

•  Improve  the  coverage, 
timeliness,  and  analysis  of 
data  on  the  education  and 
employment  of  scientists  and 
engineers. 

•  Facilitate  a  national  dis- 
cussion among  represent- 
atives of  government, 
academia,  employers,  and 
professional  organizations  to 
examine  the  goals,  policies, 
conditions,  and  unresolved 
issues  pertaining  to  graduate 
education. 


COSEPUP  saw 
no  reason  to  recommend 
limits  on  enrollments  or 
on  the  number  of  foreign 
students  in  graduate 
programs.  Greater  flexi- 
bility  and  more 
information  in  graduate 
programs  will  enhance 
the  system's  ability  to 
mesh  with  the  job 
market.  And  these 
changes  combined  with  better  precollege  education  will  attract 
more  American  smdents  to  graduate  education  -  particularly 
women  and  minorities,  who  remain  seriously  underrepresented 
in  some  fields  of  science  and  engineering. 

A  shift  in  perspective  In  the  past,  graduates  schools  typically 
have  seen  their  mission  as  producing  the  next  generation  of 
academic  researchers.  But  scientists  and  engineers  now 
contribute  to  natiotial  needs  in  many  other  ways.  To  contribute 
most  effectively  to  the  need  for  highly  trained  scientists  and 
engineers,  graduate  schools  need  to  review  their  missions  and 
consider  new  approaches.  If  they  do  so,  graduate  education 
could  play  an  even  more  important  role  in  society  than  it  has 
played  in  the  past. 
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10  Facts  &  Figures  about  Science  and  Engmemng  Gradtuae  Education  in  the  United  State 


1 .  How  many  institutions  ofTer  graduate  degrtes  In  science 
and  engineering? 

More  than  600  public  and  private  institutions  offer 
master's  or  doctoral  degrees  in  science  and  engineering  fields. 

2.  How  many  graduate  degrees  in  science  and  engineering 
are  granted  each  year? 

Approximately  80,000  master's  and  25,000  doctoral 
degrees  in  science  and  engineering  were  awarded  in  1993. 
This  compares  with  72,000  master's  and  19,000  doctoral 
degrees  awarded  in  1986. 

3.  How  many  people  employed  in  the  US  workforce  have 
doctoral  degrees  in  science  and  engineering? 

The  number  of  people  who  have  doctoral  degrees  in 
science  and  engineering  from  US  universities  and  who  work  in 
this  country  was  437,000  in  1991. 

4.  What  is  the  primary  work  activity  of  scientists  and 
engineers  with  doctoral  degrees? 

In  1991,  36%  were  working  in  research  and 
development  (14%  in  basic  research,  16.4%  in  applied  research, 
5.6%  in  development  work),  15.6%  were  employed  in 
management  and  administration,  22.7%  in  teaching,  9.1%  in 
professional  services,  with  the  remaining  16.6%  in  a  variety  of 
other  activities. 

5.  Where  are  scientists  and  engineers  with  PhDs  employed? 

In  1991,  approximately  36%  were  employed  in 
business/industry,  45%  in  4-year  colleges  and  universities.  6% 
in  federal  government  (civilian),  2%  in  state/local  governments, 
3%  in  hospitals/clinics,  4%  in.  other  nonprofits,  and  the 
remainder  in  other  activities.  As  of  1991,  31%  of  those  who 
received  PhDs  in  1983-1986  bad  tenure  or  were  in  tenure-track 
positions  in  academic  inslimtions. 

Over  time,  the  percentage  going  into  academe  has 
fallen  steadily  (from  57%  in  1973  to  45%  in  1991),  and  the 
percentage  of  those  working  in  business/industry  has  increased 
(from  24%  in  1973  to  36%  in  1991). 

6.  What  is  the  unemployment   rate  for  scientists  and 
engineers  with  PhDs? 

The  employment  picture  for  scientists  and  engineers, 
especially  for  recent  graduates,  is  not  clear,  partly  because  the 
pertinent  national  surveys  of  new  and  recent  PhD  recipients  lag 
by  several  years.  The  picture  is  complicated  by  wide 
differences  among  fields,  some  of  which  are  shrinking  as  others 
grow. 

Overall,  the  1993  unemployment  rate  of  1.6%  for  all 
scientists  and  engineers  with  PhDs  and  2%  for  recent  recipients 
of  science  and  engineering  PhDs  compares  favorably  with  the 
overall  unemployment  rate  of  approximately  6%  or  more,  the 
rate  of  2.6%  among  general  professional  occupations,  and  the 
rate  of  3%  among  those  with  at  least  a  college  degree. 

Although  relatively  low,  the  level  of  unemployment 
among  science  and  engineering  PhDs  has  increased  over  time 
(from  0.8%  in  1985  to  1.6%  in  1993  for  all;  from  1.5%  in 
1985  10  2%  in  1993  for  those  1-2  years  after  receiving  their 
PhDs). 

At  the  same  time,  however,  recent  surveys  by    new 


graduates  looking  for  Jobs  in  the  first  few  months  after  earning 
their  PhDs  have  reached  double  digits  in  some  fields,  much 
higher  than  in  the  1980s,  indicating  that  it  is  taking  longer  to 
find  an  initial  position. 

7.  k  science  and  engineering  graduate  school  enrollment 
increasing  or  decreasing? 

Growth  in  the  total  science  and  engineering  graduate- 
smdent  population  has  averaged  about  2.5%  per  year  since 
1982.  Most  of  the  net  growth  in  recent  years  was  due  to  an 
increased  number  of  foreign  smdents  with  temporary  student 
visas.  This  group  received  32%  of  the  doctorates  in  1992  (up 
from  19%  in  1982).  Historically,  about  half  of  these  students 
leave  the  US  after  receiving  their  degree  or  after  serving  a 
postdoctoral  appointment. 

The  total  number  of  women  in  graduate  schools  rose  by 
about  3%  per  year  compared  with  about  1  %  for  men.  In  1992, 
women  received  28.5%  of  the  science  and  engineering 
doctorates,  compared  with  23.7%  in  1982.  The  percentage  of 
science  and  engineering  doctorates  awarded  to  underrepresented 
minorities  rose  from  4.1%  in  1982  to  5.5%  in  1992. 

8.  How  long  does  it  take  to  attain  a  graduate  science  and 
engineering  degree? 

The  median  number  of  years  between  receipt  of  the 
bachelor's  degree  and  a  doctorate  in  science  and  engineering  has 
increased  from  7.0  years  during  the  1960s  to  8.7  years  for  those 
who  received  doctorates  in  1991.  Graduate  students  in  the 
physical  sciences  have  shorter-than-average  overall  completion 
times— about  7  years— and  social  scientists  have  longer  than 
average  completion  times— about  1 1  years.  The  median  time 
registered  in  doctorate  programs  of  6.7  years  is  shorter  than 
total  time  to  degree  because  many  graduate  students  take  some 
time  between  college  and  graduate  school  to  work,  and  some 
take  time  off  during  graduate  schtwl. 

9.  How  are  full-time  graduate  science  and  engineering 
students  supported  financially? 

In  1 992 ,41%  received  their  primary  support  from  their 
institutions,  31%  provided  most  of  their  own  funds,  and  20% 
depended  primarily  on  federal  sources,  in  the  form  of  research 
assistantships,  graduate  fellowships,  and  training-grant  positions. 
Federal  support  for  smdents  in  the  biological  and  physical 
sciences  was  higher  (34%  and  36%,  respectively).  One-fourth 
of  those  with  institutional  support  received  it  in  the  form  of 
research  assistantships,  half  received  teaching  assistantships,  and 
the  remaining  one-fourth  were  supponed  by  a  mix  of 
fellowships,  traineeships,  andother  forms  of  support.  However, 
the  preceding  discussion  probably  underestimates  the  amount  of 
federal  support,  because  the  source  of  a  graduate  student's 
support  typically  changes  from  year  to  year. 

10.  How  many  postdoctoral  appointees  are  there? 

There  were  approximately  24.000  science  and 
engineering  postdoctoral  appointees  in  doctorate-granting 
instimtions  in  the  fall  of  1992.  About  53%  of  them  were 
foreign  smdents. 
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Mr.  SCHIFF.  Thank  you,  Dr.  Griffiths. 

Because  we  have  a  number  of  members  here,  I  am  going  to  pro- 
ceed with  questions  under  the  five-minute  rule,  which  will  apply  to 
me  also.  But  if  any  member  has  a  burning  line  of  questions  that 
they  didn't  get  completed  during  the  five  minutes,  if  they  ask  for 
some  further  recognition,  I  will  be  glad  to  extend  it. 

We  have  just  been  joined  by  Congressm£in  George  Brown  of  the 
State  of  California,  who  is  the  ranking  member  on  the  full  Commit- 
tee. 

Congressman,  I  would  like  to  ask  if  there  is  anything  you  would 
like  to  say  in  the  way  of  an  opening  statement  before  we  proceed 
with  questions. 

Mr.  Brown.  Thank  you  very  much,  Mr.  Chairman. 

I  assume  that  I  have  a  prepared  statement.  I  ask  unanimous 
consent  to  put  it  in  the  record. 

Let  me  just  say  that  this  is  a  very  important  subject,  which  is 
attracting  interest  on  campuses  all  around  the  country.  I  observed 
that  during  my  visits.  It  is  kind  of  an  underlying  problem  that 
doesn't  rise  to  critical  attention  easily.  But  the  developing  of  under- 
standing and  possible  solutions  to  it  is  one  of  the  important  areas 
this  Committee  can  provide  a  service  in,  and  I  would  appreciate 
your  proceeding  with  the  hearing  on  it. 

Thank  you. 

Mr.  SCHIFF.  Thank  you,  Mr.  Brown. 

I  want  to  say  that  all  opening  statements  will  be  admitted  as 
part  of  the  record. 

Dr.  Griffiths,  I  would  like  to  ask  you  about  two  things,  if  I  may. 
The  first  is,  this  is  ancillary,  I  know,  to  what  you  were  looking  at, 
but  I  wonder  if  you  ran  into  it;  that  is,  there  is  an  issue  that  has 
been  constantly  appearing  in  the  national  news  that  goes  some- 
thing like  this.  Universities  have  become  overly  interested  in  re- 
search, perhaps  for  a  variety  of  reasons,  including  perhaps  the  in- 
come that  is  derived  from  that,  to  the  extent  that  it  has  created 
an  imbalance  in  the  classroom,  particularly  down  at  the  under- 
graduate level  of  education. 

I  am  sure  you  have  heard  this  line  of  reasoning,  and  I  have 
heard  it  in  the  national  news  a  number  of  times.  I  wonder  if  you 
could  address  it  in  terms  of  whether  you  agree  that  it  is  a  concern 
or  you  feel  that  it  is  exaggerated  or  where  you  would  place  it. 

Dr.  Griffiths.  I  think  the  issue  between  research  and  education 
is  not  an  either/or  issue  but  it  is  one  of  balance  and  one  of  integra- 
tion, the  transmission  of  knowledge  through  the  educational  proc- 
ess and  the  generation  of  new  knowledge  through  the  research 
process. 

I  think  that  many  institutions  do  an  excellent  job  at  the  under- 
graduate level  in  having  programs  that  are  balanced  as  far  as  the 
emphasis  given  to  research  and  to  undergraduate  education.  Other 
institutions,  I  think,  could  improve  their  programs. 

There  are  a  number  of  ways  that  this  can  be  done.  I  know  this 
is  very  much  on  the  minds  of  university  faculty  and  university  ad- 
ministration. I  observe  that  my  own  graduate  students  now  are 
much  more  concerned  about  their  ability  to  communicate  their  sub- 
ject effectively,  including  teaching  it,  as  that  is  now  something  that 
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is  part  of  the  job  interviewing  process  in  a  way  that  it  was  not 
some  years  ago. 

So,  I  think  that  the  issue  you  have  raised  is  an  important  one. 
It  is  one  that  is  on  many  people's  minds  and  is  one  that  I  think 
at  the  moment  is  being  worked  on  rather  constructively  in  a  num- 
ber of  places. 

Mr.  SCHIFF.  Thank  you. 

The  second  issue  I  would  like  to  raise  is  the  Subcommittee  is 
probably  overly  accustomed  to  my  referring  to  my  older  brother, 
who  has  a  Ph.D.  in  physics,  but  that  is  where  I  got  most  of  my 
learning  about  science  and  engineering.  One  item  I  recollect  from 
family  connections  is  my  brother  in  high  school  in,  I  believe,  1957 
when  the  Russians  orbited  Sputnik.  There  was  this  great  hue  and 
cry  that  we  need  more  American  scientists  and  engineers.  My 
brother  decided  this  is  what  he  would  do. 

When  he  got  his  bachelor  in  science  degree  in  1963,  the  job  offers 
wouldn't  stop  coming  in.  But  by  the  time  he  got  his  Ph.D.,  which 
was  some  number  of  years  later,  the  situation  had  changed  dra- 
matically and  emplojnnent  during  that  era  was  extremely  difficult 
to  come  by  for  Ph.D.s. 

What  this  says  to  me  is  we  have  trouble  with  the  long-range 
plan.  In  other  words,  we  don't  produce  Ph.D.s  next  day.  It  is  a 
number  of  years  before  a  high  school  student  decides  to  go  into  any 
kind  of  science  profession,  gets  to  the  point  of  a  Ph.D.. 

What  do  you  recommend?  We  have  done  previous  reports,  I 
know,  on  this  subject.  But  what  do  you  recommend?  How  can  the 
United  States  plan  efficiently  in  one  year,  down  the  road,  so  that 
the  people  it  is  trying  to  encourage  to  go  into  certain  lines  of  study 
will  have  employment  at  the  other  end  of  that  line  of  study? 

Dr.  Griffiths.  Mr.  Chairman,  this  is,  I  think,  a  very  important 
and  complex  question.  When  the  committee,  COSEPUP,  discussed 
this,  which  we  did  at  some  length,  we  felt  that  the  current  system 
as  it  stands  is  not  sufficiently  flexible  or  adaptable  to  adjust  to 
changes  as  they  are  occurring.  To  oversimplify,  we  imagine  the 
Ph.D.  experience  might  go  as  follows: 

First,  students  would  decide  whether  or  not  to  enter  graduate 
school  based  on  much  more  complete  information  than  they  have 
at  the  moment. 

Secondly,  graduate  school  would  be  a  series  of  decision  points. 
The  first  decision  point  would  come  after  two  years,  when  you  com- 
plete your  qualifjang  exam.  At  that  point  you  decide  whether  to 
continue  to  get  a  Ph.D.  or  whether,  for  example,  to  take  a  masters 
degree,  perhaps  combine  it  with  a  masters  in  some  other  field,  and 
go  out  into  the  workplace. 

If  you  decide  to  continue  with  the  Ph.D.,  you  might  do  so  with 
the  idea  of  entering  a  research  career  or  going  into  work  in  the  pri- 
vate sector,  in  the  service  sector  in  some  nontraditional  way. 

Then  you  would  design  your  curriculum  and  your  courses  dif- 
ferently. If  you  wanted  to  go  to  work  in  nontraditional  areas,  then 
you  would  probably  take  courses  outside  your  department.  You 
would  take  interdisciplinary  courses,  perhaps,  but  you  would  have 
the  flexibility  so  that  you  could  design  your  graduate  education 
program  in  response  to  the  employment  picture  as  it  was  evolving. 
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The  whole  process  ideally  should  take  five  years  from  start  to  fin- 
ish, with  the  decision  point,  in  two  years,  as  I  said,  three  more 
years  till  your  degree.  And  I  think  with  better  information  in  the 
system,  shortened  time  to  degree,  and  some  model  of  this  kind 
where  there  were  branching  decision  points,  the  system  would  be 
more  adaptable. 

Mr.  SCHIFF.  So  your  response  is.  We  need  more  checkpoints  in- 
stead of  a  continuum  that  just  goes  on  for  years  with  no  flexibility; 
there  should  be  points  of  reevaluation  of  the  student,  combined 
with  more  current  information  about  the  market  and  then  more 
choices  for  the  student  to  make? 

Dr.  Griffiths.  That's  right. 

Mr.  SCHIFF.  Thank  you. 

Dr.  Griffiths.  And  there  are  institutions,  by  the  way.  This  is  not 
an  original  idea.  I  think  one  of  the  things  that  struck  us  when  we 
did  the  study  was  the  large  number  of  panels  we  brought  in.  There 
is  a  tremendous  amount  of  creativity  already  going  on  in  various 
universities,  and  there  are  graduate  programs  that  are  modeled  on 
this  concept.  So  everything  we  recommended  is  actually  being  done 
somewhere. 

Mr.  SCHIFF.  It  is  a  lot  different  fi-om  what  I  remember  seeing, 
which  was  this  kind  of  a  tunnel.  You  start  at  the  beginning  in  late 
high  school  and  are  expected  to  come  out  some  number  of  years 
later  at  the  other  end.  But  there  were  no  exits  fi-om  the  tunnel. 
You  were  just  in  it  once  you  were  committed.  So  I  appreciate  that 
approach. 

Mr.  Geren? 

Mr.  Geren.  Thank  you,  Mr.  Chairman. 

Just  a  brief  follow-up  on  the  points  you  made.  I  wonder  if  the 
problem  isn't  so  much  the  information  that  students  have  as  the 
responsiveness  of  the  institutions  to  the  students'  needs.  I  think  of 
my  tenure  in  graduate  school,  which  was  law  school,  that  the 
grapevine's  pretty  good  about  the  job  market.  Students,  you  know 
what's  going  on  out  there.  You've  got  folks  going  out  in  it  every 
year. 

It  seemed  to  me  that  the  students  would  be  a  great  resource  to 
identify  the  problems  if  we  could  just  get  the  institution  to  respond 
to  what  the  students'  needs  are,  and  not  have  the  academics  kind 
of  locked  in  this  tunnel  that  the  Chairman  described. 

I  can  remember  my  first  year  in  law  school,  second  year  in  law 
school,  third  year  in  law  school  as  we  watched  our  third-year  folks 
going  through  the  employment  process.  The  word  gets  around  pret- 
ty quickly  about  where  the  opportunities  are  and  where  they're 
going.  But  the  curriculum  doesn't  change,  the  institution  doesn't 
change. 

I  was  in  school  during  some  tumultuous  times  in  the  Texas  econ- 
omy, and  the  school  was  probably  the  last  to  know  it.  It  seems  like 
the  students  were  a  pretty  good  resource.  I  remember  my  under- 
graduate years,  I  went  to  an  engineering  school,  and  there  were  big 
changes  in  aerospace  engineering,  and  the  students  were  bailing 
out  of  those  fields  very  quickly.  They  just  saw  the  writing  on  the 
wall.  The  institution  wasn't  really  changing. 

So  it  seems  to  me  in  some  way  there  should  be  some  way  to 
make  sure  that  the  institutions  are  more  responsive  to  this  infor- 
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mation  coming  through  the  grapevine.  There  is  nothing  focuses 
your  attention  more  than  knowing  that  in  a  couple  of  more  months 
the  old  scholarship  is  going  to  run  out  or  the  check  from  home  is 
going  to  stop  and  you've  got  that  family  to  feed.  You  do  a  pretty 
good  job  of  finding  out  what  is  going  on  out  there;  making  sure  that 
somehow  we  get  the  institutions,  and  perhaps  to  the  extent  we  can 
influence  those  institutions,  to  respond  and  not  be  locked  in  their 
old  mentality. 

Did  your  committee  discuss  the  right  proportion  of  the  mix  of 
graduate  research  assistantships,  traineeships,  and  fellowships  for 
the  support  of  graduate  students  in  science  and  engineering?  And 
I  would  just  ask  whether  or  not  you  think  the  majority  of  support 
should  be  through  assistantships  and  fellowships,  since  these 
mechanisms  seem  likely  to  place  the  most  emphasis  on  the  edu- 
cational goals  of  the  people? 

Dr.  Griffiths.  We  discussed  this  at  some  length.  I  think  we  did 
not  come  up  wdth  a  recommended  number  about  the  distribution  of 
funds  between  research  assistantships  and  other  means  of  support, 
fellowships,  training  grants,  education  grants. 

We  did  feel  that  some  experimentation,  and  in  fact,  some  experi- 
mentation is  already  under  way,  with  a  further  experimentation 
shifting  some  of  the  funding  from  the  research  assistant  mode  to 
other  modes  that  were  more  directly  linked  to  the  education  of  the 
student  and,  in  particular,  would  provide  some  greater  opportunity 
for  options  for  graduate  experience  and  that  was  desirable. 

So  the  general  recommendation  was  the  shifting  of  funds  from 
the  RA  to  other  means  of  support.  But  what  the  mix  should  be,  I 
think  we  don't  know.  I  think  we  felt  that  some  experimentation 
was  called  for. 

Mr.  Geren.  When  you  say  experimentation,  what  do  you  mean 
by  that?  Actually  formally  experimenting  with  different  mixes  at 
different  universities,  or  how  would  you  propose  to  go  about  reach- 
ing that  recommendation? 

Dr.  Griffiths.  Well,  for  example,  within  the  National  Science 
Foundation,  in  the  engineering  directorate  they  already  are  doing 
experiments  v^th  different  kinds  of  support  for  graduate  students 
in  engineering,  which  are  much  more  directly  focused  and  provid- 
ing the  students  with  an  education  that  gives  them  greater  flexibil- 
ity when  they  graduate. 

So  that  would  be  the  tj^e  of  program  we  had  in  mind  that  could 
be  used  in  the  other  sciences. 

Mr.  Geren.  Thank  you.  I  think  my  five  minutes  is  probably  up. 

Thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  Thank  you,  Mr.  Geren. 

Mrs.  Morella? 

Mrs.  Morella.  Thanks,  Dr.  Griffiths.  I  appreciate  your  present- 
ing a  report  to  us.  I  recently  spoke  at  a  space  industry  roundtable 
and  during  the  Q&A  a  young  man  stood  up  and  he  said,  "Mrs. 
Morella,  would  you  tell  me  where  I  can  get  a  job  as  an  engineer?" 
He  was  a  young  man.  He  found  that  there  was  just  no  room  in  the 
inn  for  him.  It  was  a  tremendous  question,  particularly  in  light  of 
the  dovnisizing  that  is  going  on  in  government  that  has  an  effect 
on  the  private  sector. 
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I  just  wonder,  and  also  with  many  people  who  have  been  in  these 
positions  for  years,  who  are  not  relinquishing  them  even  though  in 
the  Federal  Government  we  have  buyouts,  et  cetera. 

Would  you  like  to  address  that  beyond  the  report  and  question- 
ing that  we  have  already  had?  I  know  you  talk  about — well,  I  guess 
I  could  point  out  another  thing.  I  am  not  sure  that  graduate  insti- 
tutions are  doing  more  than  caring  about  just  getting  the  tuition 
dollars  and  having  the  classes  set  up  for  Ph.D.  candidates,  but  I 
am  not  sure  that  they  even  know  what  is  going  on  in  the  real  world 
in  terms  of  job  placement  and  career  opportunities. 

Did  you  confront  any  of  those  two  points.  The  young  person  real- 
ly has  a  dilemma,  and  that  we  need  to  get  higher  educational  insti- 
tutions on  the  ball? 

Dr.  Griffiths.  Yes.  We  did.  I  think  one  of  the  things  that  was 
most  striking  to  the  committee  as  we  had  panels  come  in  was  the 
increasing  variety  of  careers  that  people  with  Ph.D.  training  can  go 
into,  careers  in  which  perhaps  not  directly  are  not  research  jobs 
but  they  will  use  very  much  the  educational  experience  that  they 
have,  the  resourcefulness  that  they  develop  when  they  design  and 
carry  out  original  research  experiments,  things  of  that  kind. 

To  give  you  an  example  in  my  own  field  of  mathematics,  one  of 
the  premier  institutions  for  graduate  training  of  mathematicians, 
Columbia  University,  has  recently  put  in  place  a  dual-degree  pro- 
gram. You  either  go  through  and  get  the  traditional  Ph.D.,  expect- 
ing to  teach  in  universities,  or  you  get  a  Ph.D.  which  has  emphasis 
in  mathematics  and  finance. 

Increasingly,  finance  is  no  longer  accounting,  it  is  applied  mathe- 
matics. You  see  mathematicians  working  on  Wall  Street,  in  the 
treasury  office  of  major  corporations.  All  financial  decisions  ulti- 
mately are  in  some  way  based  on  a  complex  mathematical  model. 

Mrs.  MORELLA.  But  you  are  going  to  have  to  get  these  institu- 
tions to  make  sure  that  they  see  this  report  and  act  on  it. 

Dr.  Griffiths.  I  agree.  But  I  see  change  occurring.  I  think  it 
needs  to  be  accelerated  and  much  more  needs  to  be  done.  But 
change  is  beginning  to  occur  in  the  system  also. 

Mrs.  MoRELLA.  Since  my  five  minutes  aren't  up  yet.  Dr.  Grif- 
fiths, I  notice  one  little  two-sentence  paragraph  under  your  rec- 
ommendations, general  recommendations,  which  says  attracting 
women  and  minority  group  members.  You  simply  say,  "Where  it 
appears  that  the  number  of  women  and  minority  group  members 
is  low  in  particular  fields,  deliberate  steps  should  be  taken  to  deal 
with  real  and  perceived  barriers  to  full  participation." 

I  feel  that  it  is  important  enough  that  more  attention  maybe  was 
paid  to  it  or  certainly  should  be  paid  to  that  when  we  know  that 
two-thirds  of  the  entrants  who  are  going  to  be  entering  the 
workforce  are  going  to  be  women  and  minorities.  Would  you  like 
to  comment  on  that? 

Dr.  Griffiths.  One  of  the  panels  who  were  to  meet  with  the  com- 
mittee consisted  of  people  who  are  generally  represented,  at  least 
in  a  number  of  areas  in  science  and  engineering.  I  think  that  state- 
ment was  formulated  pretty  much  as  the  result  of  the  way  the 
issue  was  framed  by  that  panel. 

They  saw  that  there  were  barriers.  Many  times  they  were  not 
barriers  that  were  in  any  way  explicit  but  they  were  implicit  in  the 
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system.  There  was  insufficient  encouragement,  there  was  insuffi- 
cient flexibility.  And  the  statement,  as  we  put  in  there,  that  these 
barriers  should  be  recognized  and  dealt  with  I  think  reflected  the 
sense  of  that  panel  who  came  to  meet  with  the  committee. 

Mrs.  MORELLA.  I  just  feel  it  doesn't  go  far  enough.  It's  almost  pa- 
tronizing, in  a  way.  You  see  what  I  am  saying?  It  is  a  very  impor- 
tant point. 

Dr.  Griffiths.  I  agree. 

Mrs.  MORELLA.  It  is  too  bad  that  more  wasn't  done  to  explore 
what  some  of  these  barriers  may  be,  real  and  perceived.  Maybe 
there  will  be  follow-up. 

Thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  Thank  you,  Mrs.  Morella. 

Mr.  Luther? 

Mr.  Luther.  No  questions. 

Mr.  SCHIFF.  Mr.  Luther  has  no  questions. 

Mr.  Bartlett? 

Mr.  Bartlett.  Thank  you  very  much. 

I  wanted  to  address  for  just  a  moment  the  concern  you  have 
about  how  long  it  takes  to  get  a  degree.  When  I  finished  my  doctor- 
ate, that  was  a  long  time  ago,  in  '52.  It  took  five  years.  That  was 
a  very  long  time  then,  and  it  was  a  long  time  because  for  the  last 
four  years  I  had  the  privilege  of  being  invited  to  join  the  full-time 
faculty  at  the  university.  It  would  only  permit  me  to  take  five  or 
six  hours  a  semester,  and  it  takes  a  while  to  get  enough  coxirses 
to  get  your  Ph.D..  It  is  now  a  much  longer  time,  I  take  it. 

I  have  had  the  privilege  through  my  life  to  work  in  about  every 
place  you  can  do  research.  I  worked  in  a  university  where  I  had 
grants  and  contracts  and  used  graduate  students.  I  worked  for  gov- 
ernment doing  research  and  R&D  later.  And  I  worked  in  private 
industry  where  I  was  doing  R&D. 

Of  all  of  those  places,  certainly  you  get  more  productivity  for 
your  dollar  in  the  university  setting  because  you  have  slave  labor 
available,  the  graduate  students. 

I  was  wondering  if  one  of  the  reasons  for  the  extension  of  the 
time  that  it  takes  to  get  the  Ph.D.  is  the  desire  to  maintain  this 
slave  labor  force  for  a  longer  period  of  time.  What  are  the  things 
that  are  driving  lengthening  the  degree  time  for  science,  math,  and 
engineering? 

Dr.  Griffiths.  We  discussed  this  at  some  length  and  were  un- 
able to  in  any  way  come  up  with  data  or  documentation  to  get  a 
clean  answer  to  that  question. 

I  think  one  suggestion  that  was  made  is  that  there  is  just  much 
more  complexity  in  science  these  days  and  you  have  to  just  take 
more  time  to  learn. 

Another  was  that  the  students  themselves  extend  the  time  be- 
cause of  the  difficulties  in  getting  employment  when  they  get 
through. 

Still  another  was  that  having  a  graduate  student  to  work  on  your 
research  project  is  a  way  of  getting  that  research  done,  and  there 
is  not  that  much  incentive  for  the  faculty  member  to  move  them 
through. 

Having  been  a  provost  at  a  major  university,  Duke  University, 
I  also  observed  that  in  a  professional  schools,  the  medical  school. 
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business  and  law  school,  where  there  was  a  fixed  time  limit,  there 
was  more  effort  put  forth  by  the  faculty  member  in  desiring  a  cur- 
riculum that  would  cover  the  central  knowledge  within  that  given 
time  frame.  So  there  was  a  discipline  that  I  think  was  in  the  pro- 
fessional schools  that  I  did  not  see  in  the  arts  and  sciences,  more 
in  the  arts  than  in  the  sciences. 

But  I  think  there  could  be  further  effort  on  the  part  of  the  faculty 
to  impose  some  discipline  on  the  system  and  get  the  time  to  degree 
down. 

The  factor  you  mentioned  is  perhaps  one,  but  I  would  not  even 
say  it  is  the  major  part  of  the  story. 

Mr.  Bartlett.  But  there  is  an  interest  in  looking  at  why  this  has 
been  stretching  out  and  seeing  if  it  can't  be  shortened. 

Dr.  Griffiths.  Yes. 

Mr.  Bartlett.  Just  one  last  question.  The  second  of  your  rec- 
ommendations was  to  establish  a  national  database  designed  and 
managed  by  the  research  community  on  employment  options  and 
trends.  I  think  the  proper  role  of  bureaucracy  and  government  is 
to  educate,  not  to  control.  I  was  very  pleased  in  the  report  that  you 
indicated  that  you  saw  no  reason  that  there  should  be  any  efforts 
made  to  control  the  number  of  persons  who  went  into  graduate 
school  or  those  who  exited  with  a  degree. 

How  would  this  be  done?  Would  it  be  the  professional  societies 
or  the  universities?  Who  would  have  the  responsibility  for  estab- 
lishing this  national  database? 

Dr.  Griffiths.  I  think  it  could  be  done  in  a  number  of  ways.  One 
way  would  be  that  the  National  Science  Foundation,  through 
Science  and  Engineering  Indicators,  which  is  the  official  data  con- 
cerning the  science  and  engineering  enterprise,  could  take  the  lead. 

But  I  think  they  should  work  with  the  professional  societies  be- 
cause there  is  great  variation  by  discipline  and  by  profession,  and 
the  professional  societies  are  far  along,  in  many  cases,  with  having 
data  that  is  quite  interesting  and  intricate  and  reflects,  I  think, 
much  more  current  information  than  is  generally  available  in  the 
NSF  Indicators  or  has  been  available. 

So  I  think  with  the  NSF  Indicators  taking  the  lead  role  but 
working  with  the  professional  societies,  it  would  be  one  way  that 
this  might  be  accomplished. 

Mr.  Bartlett.  I  have  personal  family  experience  in  how  impor- 
tant this  is  to  students.  Our  last  of  ten  children  is  just  completing 
his  degree  in  chemical  engineering.  He  was  going  to  be  an  engi- 
neer, and  he  knew  that,  but  which  one  of  the  subspecialities  he  was 
not  certain  of.  His  decision  was  based  largely  on  the  marketplace 
and  which  graduates  were  getting  hired  most  quickly  and  being 
paid  the  most. 

So  I  think  that  this  kind  of  information  is  going  to  be  increas- 
ingly valuable  to  our  young  people  as  they  look  ahead  and  respon- 
sibly try  to  plan  their  lives. 

Thank  you  very  much  for  your  testimony. 

Thank  you,  Mr.  Chairman. 

Mr.  Schiff.  Thank  you,  Mr.  Bartlett. 

Mr.  Brown? 
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Mr.  Brown.  First  let  me  thank  you  for  what  I  think  is  an  excel- 
lent study,  in  line  with  the  tradition  of  excellent  studies  that  the 
committee  has  made  over  the  years. 

One  question  I  have,  only.  The  problem  that  is  being  discussed 
here  is  not  unique  to  the  United  States,  it  is  also  occurring  in  other 
countries.  The  British  have  tried  to  deal  with  it,  and  others. 

To  what  extent  did  you  consider  their  experience  to  try  and  draw 
relevant  conclusions  that  would  include  the  kinds  of  solutions  that 
they  have  come  up  with  in  some  of  these  other  countries? 

Dr.  Griffiths.  We  thought  about  these  to  some  extent.  For  ex- 
ample, in  the  U.K,  there  was  recently  a  reform  of  their  graduate 
education  system.  There  is  a  white  paper  on  that.  I  think  in  the 
case  of  the  U.K.,  it  is  a  much  more  highly  centralized  system  than 
we  have  here.  And  the  kinds  of  policies  that  they  have  imple- 
mented, some  of  which  they  just  now,  I  think,  are  changing  back 
to  previous  ways,  the  kinds  of  policies  that  they  implemented 
would  not  be  as  appropriate  for  our  system,  as  highly  decentralized 
as  it  is. 

The  same  is  true  also  of  the  French  and  the  Germans. 

The  main  difference  that  we  saw  was  that  in  this  country  we  do 
have  a  highly  diverse  and  decentralized  operation,  and  so  the  sorts 
of  actions  that  were  being  taken,  for  example,  in  the  U.K.  we  felt 
would  not  be  appropriate  for  here. 

Mr.  Brown.  Yet  in  the  U.K.,  as  I  recall,  some  of  the  same  kinds 
of  recommendations  were  made;  for  example,  putting  greater  em- 
phasis on  the  possibility  of  stopping  the  graduate  program  at  the 
masters  degree  level  and  going  into  industry. 

And  in  the  German  situation,  a  good  deal  of  their  research  capa- 
bihty  is  located  in  the  institutes,  the  Max  Planck  Institutes,  for  ex- 
ample, and  there  have  been  some  recent  exchanges  between  the 
leaders  of  that  sort  of  activity  in  Germany  with  the  United  States, 
looking  at  the  possibility  that  perhaps  we  could  move  in  that  direc- 
tion as  a-  way  of  providing  additional  research  opportunities  outside 
the  university  setting. 

I  think  these  are  relevant  explorations  that  we  need  to  look  at 
as  part  of  the  overall  solution  to  our  problem. 

Dr.  Griffiths.  I  agree.  I  think  that,  for  example,  the  U.K.  plac- 
ing greater  emphasis  on  the  masters  degree,  we  were  aware  of  that 
and  commented  on  that  in  the  report. 

What  we  did  not  do  was  to  suggest  that  this  be  something  that 
was  required  in  any  way.  That  is,  I  think,  the  difference. 

Mr.  Brown.  Thank  you  very  much. 

Mr.  SCHIFF.  Thank  you,  Mr.  Brown. 

Mr.  Boehlert? 

Mr.  Boehlert.  Thank  you  very  much,  Mr.  Chairman. 

Dr.  Griffiths,  that  is  an  excellent  report.  What  it  says  to  me — 
I  was  educated  as  a  public  relations  man,  that  is  as  far  away  from 
science  as  I  can  think  of — is  that  we  are  doing  pretty  well  here,  but 
we  need  some  tinkering  at  the  margins. 

But  when  I  read  a  report  that  t^s  about  the  myths,  unemploy- 
ment at  1.6  percent,  hell,  that's  not  unemployment,  that's  ftiU  em- 
ployment. When  I  read  further  that  some  of  the  graduates  are  feel- 
ing the  pain  of  unmet  expectations,  I  say  what's  new.  You're  join- 
ing the  rest  of  us  in  this  world. 
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[Laughter.] 

Mr.  BOEHLERT.  My  point  is  I  think  we  are  doing  a  lot  of  things 
exceptionally  well.  I  like  all  of  your  suggestions.  I  am  particularly 
enamored  with  that  portion  of  your  report  and  testimony  which 
would  point  out  that  employers  place  high  value  on  scientists  and 
engineers  who  can  communicate,  collaborate,  and  work  across  dis- 
ciplines. I  think  it  is  critically  important.  If  there  is  any  failing  in 
our  educational  system  for  scientists  and  engineers  that  I  perceive, 
it  is  that  sometimes  that  education  is  too  narrow  and  the  ability 
to  communicate  somehow  is  lost  in  the  shuffle. 

But  overall,  the  only  thing  that  I  am  appalled  by  and  I  agree  a 
thousand  percent  with  your  recommendation,  and  that  is  that  we 
have  got  to  tighten  up  the  length  of  time  to  get  these  graduate  de- 
grees. It  is  ridiculous.  If  we  keep  going  in  the  way  we  are  going, 
pretty  soon  you  will  find  newly  minted  Ph.D.s  50  and  up,  and  they 
will  go  take  their  degree  over  to  the  social  security  office. 

[Laughter.] 

Mr.  BOEHLERT.  My  colleague,  Mr.  Bartlett,  pointed  out  some- 
thing that  we  have  observed  that  needs  to  be  addressed.  I  just 
want  to  thank  you  for  an  excellent  report.  I  don't  have  any  great 
questions  or  any  words. 

Mr.  SCHIFF.  Will  the  gentleman  yield? 

Mr.  BOEHLERT.  I  will  be  happy  to  jdeld. 

Mr.  SCHIFF.  I  appreciate  that. 

I  agree  with  you  that  the  unemployment  figure  seems  very  low 
for  people  with  Ph.D.s.  But  I  think  in  this  area  I  wonder  if  the 
underemployment  factor  isn't  very  large.  I  assume  that  with  a 
Ph.D.  an  individual  can  find  employment.  But  I  wonder  how  close 
or  far  away  it  may  be  fi"om  what  we  would  expect  somebody  with 
a  Ph.D.  to  be  doing  as  a  career. 

I  wonder,  with  your  permission,  I  would  turn  to  Dr.  Griffiths 
with  that  observation  to  see  if  you  agree  or  disagree  with  it. 

Dr.  Griffiths.  What  we  found  was,  even  though  there  was  low 
unemployment,  that  the  difficulty  in  passing  the  transition  from 
the  Ph.D.  to  a  full-time  job  was  already,  I  think,  a  major  problem 
and  was  getting  worse.  So  that  the  data  are  data.  That's  what  the 
situation  is.  But  it  does  not  reflect  the  difficulty  that  the  system 
has  had  in  adjusting  to  the  marketplace  at  the  moment. 

So,  underemployment  I  think  is  a  concept  that  we  talked  about 
but  had  difficulty  with  because  it  is  hard  to  define  precisely  and 
when  somebody  is  underemployed  in  one  person's  view  it  may  not 
be  in  another  person's  view. 

Mr.  BOEHLERT.  I  would  suggest  that  the  definition  is  a  real  trou- 
bling aspect  of  this.  If  you  have  a  Ph.D.  flipping  burgers,  that  is 
obviously  underemployment.  But  if  you  have  a  Ph.D.  working  some 
place  making  $57,000  or  something,  and  he  is  not  particularly  ex- 
cited about  what  he  or  she  is  doing,  does  that  constitute 
underemployment?  You  know,  I  would  say  maybe  it  is  better  to 
meet  expectations. 

Dr.  Griffiths.  I  think  what  was  found  could  be  illustrated  by 
one  person  who  testified  in  front  of  the  committee  who  was  a  physi- 
cist, and  that  individual  now  has  a  job  that  he  loves.  He  is  a  physi- 
cist, he  has  been  hired  by  a  pharmaceutical  designing  instrumenta- 
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tion  for  their  R&D  enterprise,  but  it  took  him  six  or  seven  years 
to  end  up  there. 

So,  on  the  one  hand  he  loves  what  he  is  doing  and  makes  use 
of  his  Ph.D.  training,  but  he  was  extremely  angry  at  the  experience 
he  had  in  trying,  through  postdocs,  not  finding  academic  jobs,  fi- 
nally ending  up  working  with  this  pharmaceutical. 

Mr.  BOEHLERT.  I  just  wonder,  when  we  are  talking  about  defini- 
tions, we  have  a  Ph.D.  and  a  physiologist,  and  Dr.  EMers,  who  is 
not  here  right  now  who  is  a  Ph.D.  in  physics,  are  they  under- 
employed because  they  are  Members  of  Congress? 

[Laughter.] 

Mr.  Brown.  Would  the  gentleman  yield  to  me? 

[Laughter.] 

Mr.  Brown.  On  that  same  line,  you  have  commented  on  the  phe- 
nomenon of  the  itinerate  postdocs  and  the  longer  period  of  time 
that  people  are  remaining  at  this  postdoc.  Is  that  considered  em- 
ployment, or  is  that  slave  labor? 

More  specifically,  what  is  the  salary  range  for  these  large  num- 
ber of  postdocs  who  float  around  for  years  at  a  level  which  I  under- 
stand is  below  the  ability  to  sustain  themselves?  Did  you  collect  fig- 
ures? 

Dr.  Griffiths.  No,  sir,  we  did  not  collect  data  on  the  salary  lev- 
els of  postdocs,  the  length  of  time  people  are  in  postdocs.  I  think 
that  is  an  important  issue,  and  it  is  one  that  was  increasingly 
raised  during  the  discussions  we  had.  But  we  focused  primarily  on 
the  Ph.D.  educational  experience.  I  think  the  postdoc  is  something 
that  does  need  looking  at,  but  that  was  for  another  study. 

Mr.  Brown.  Originally,  the  postdoc  was  supposed  to  be  a  part  of 
the  educational  experience.  Now  it  is  a  never-neverland.  It  is  nei- 
ther employment  nor  educational  in  some  cases.  We  need  to  ana- 
lyze that  problem  because  if  that  becomes  the  fate  of  a  large  per- 
centage of  the  people  who  get  the  Ph.D.,  it  distorts  the  picture  con- 
siderably. 

Mr.  SCHIFF.  The  gentleman  fi-om  New  York's  time  has  now  ex- 
pired. 

Mr.  Doggett? 

Mr.  Doggett.  Thank  you,  Mr.  Chairman. 

Dr.  Grifiiths,  I  enjoyed  looking  at  your  report.  I  think  it  is  an  ex- 
cellent analysis.  I  know  that  quite  appropriately  many  of  the  rec- 
ommendations are  directed  to  our  universities.  But  I  would  like  to 
focus  just  for  a  moment  on  the  fourth  recommendation,  concerning 
a  possibility  of  a  new  class  of  education  and  training  grants  that 
would  allow  students  to  choose  training  that  will  better  fit  them 
with  the  matching  level  of  the  job  market. 

My  question  is  can  you  give  us  any  more  specifics  on  your 
thoughts,  since  that  is  something  that  certainly  fits  within  the  ju- 
risdiction and  scope  of  this  Subcommittee,  as  to  how  that  might 
work,  how  these  education  and  training  grant  programs  might 
work,  which  agencies,  how  they  would  be  structured,  and  whether 
there  are  any  models  out  there  that  we  can  focus  on? 

Dr.  Griffiths.  Yes,  sir.  We  felt  that  it  was  more  appropriate  for 
the  committee  to  focus  on  what  the  objectives  of  these  education/ 
training  grants  might  be  rather  than  to  suggest  the  specific  design 
that  they  might  follow. 
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I  think  the  appropriate  agencies  are  certainly  the  NSF,  and  it  is 
already  doing  some  experimentation,  as  I  mentioned  earlier;  the 
NIH,  which  has  a  superb  and  longstanding  track  record  in  training 
grants  to  encourage  interdisciplinary  work,  would  also  be  an  appro- 
priate agency. 

We  felt  it  was  more  our  role  to,  as  I  said,  put  forth  suggested  ob- 
jectives of  these  grants  to  increase  greater  versatility  and  flexibility 
of  graduates,  shorten  the  time  to  degree,  developing  communica- 
tions skills,  things  of  that  kind,  and  leave  it  up  to  the  agencies  to 
design  specific  programs  that  would  implement  those  objectives, 
achieve  those  objectives  as  best  they  could. 

Mr.  DOGGETT.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  Thank  you,  Mr.  Doggett. 

Mr.  Gutknecht? 

Mr.  Gutknecht.  Thank  you,  Mr.  Chairman. 

Several  questions  that  I  was  going  to  ask  have  already  been 
asked,  including  one  that  Mr.  Brown  raised  about  the  salary  levels 
of  some  of  these  people.  But  I  would  like  to  change  the  direction 
a  bit. 

One  of  my  concerns,  and  this  is  more  of  an  observation  you  can 
respond  to  it  if  you  like,  is  that  our  entire  education  system  lit- 
erally from  kindergarten  through  postgraduate  school  in  the  Unit- 
ed States  is  about  training  people  to  find  jobs  working  for  some- 
body else. 

I  try  to  do  at  least  two  or  three  plant  tours  in  my  district  every 
month.  What  I  find  is  that  there  are  an  awful  lot  of  these  new  busi- 
nesses and  really  exciting  new  companies  that  are  starting  out 
there  that  have  been  started  by  people  who,  in  many  cases,  were 
engineers  or  had  advanced  degrees,  working  for  somebody  else  and 
they  decided  to  go  out  on  their  own. 

But  the  observation  is  that  our  educational  system  really  does 
not  teach  entrepreneurial  skills.  Have  you  come  across  that?  Do 
you  have  any  observations  in  that  regard? 

Dr.  Griffiths.  I  think  the  point  of  contact  of  our  study  with 
what  you  have  just  said  was  the  point  made  to  us  by  many  of  the 
employers,  including  some  who  were  in  start-up  companies,  small 
and  mid-size  companies,  consulting  firms,  who  pointed  out  that  the 
Ph.D.  experience  where  you  have  to  design  and  carry  out  a  re- 
search project  was  one  way  of  developing  in  the  individual  the  re- 
sourcefulness and  creativity  that  goes  with  entrepreneurial  skills. 
So  that  the  part  of  the  Ph.D.  educational  experience,  centering 
around  the  thesis,  was  in  fact  a  vehicle  that  could  help  to  develop 
exactly  those  skills  on  the  part  of  the  students  who  go  through  the 
process. 

Mr.  Gutknecht.  Thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  Thank  you,  Mr.  Gutknecht. 

Mr.  Doyle? 

Mr.  Doyle.  Thank  you,  Mr.  Chairman. 

I  don't  have  any  questions  at  this  time. 

Mr.  SCHIFF.  Thank  you,  Mr.  Doyle. 

Mr.  Graham? 

Mr.  Graham.  I  have  no  questions. 

Mr.  SCHIFF.  Mr.  Graham  has  no  questions. 
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Ms.  Lofgren? 

Ms.  Lofgren.  I  guess  I  have  been  thinking  about  this.  There  is 
a  role  for  the  Federal  Government  in  the  grant  programs  in  univer- 
sities. 

One  of  the  issues  in  terms  of  the  employment  of  people  is  not  just 
are  they  employed  but  how  are  they  employed,  doing  what?  If  you 
are  a  postdoc  and  you  are  earning  $30,000  a  year  with  no  job  secu- 
rity and  working  long  hours,  you  have  got  to  question,  I  think, 
whether  you  made  the  right  career  decision  when  you  could  have 
been  going  to  law  school  and  earn  double. 

So,  I  guess  the  question  is  what  role  could  we  play  to  impact  so- 
ciety, because  I  think  it  is  a  societal  issue,  where  young  people 
coming  up  that  could  go  into  a  variety  of  fields  and  earn  more 
money  than  the  brightest  children  in  the  country  going  into  physics 
or  advanced  sciences  are  just  not  remunerated  in  the  same  capacity 
when  they  are  employed? 

It  is  sort  of  a  broad  question.  What  can  we  do  to  impact  that 
whole  societal  issue? 

Dr.  Griffiths.  I  think  one  of  the  concerns  that  certainly  I  have 
as  a  scientist  and  I  think  my  colleagues  in  the  scientific  community 
have  is  just  this  point,  attracting  the  talent  into  science  and  engi- 
neering that  we  as  a  country  need. 

I  thmk  one  aspect  of  this  that  should  not  be  forgotten  is  just  the 
pleasure  that  one  gets  in  doing  research  in  science.  You  know,  that 
is  a  benefit  that  we  as  a  profession  have  that  I  think  is  probably 
unique  to  science  and  engineering. 

So  I  think  in  thinking  about  the  employment,  which  is  a  primary 
concern  to  us,  we  should  not  lose  the  fact  of  just  the  beauty  and 
the  joy  in  being  a  scientist  or  an  engineer.  That  is  something  that 
we  need  to  communicate  to  our  students  better  and  for  them  to  see 
as  one  aspect  of  a  career  in  research  that  is  probably  hard  to  match 
if  you  are  a  lawyer  or  a  businessman. 

Ms.  Lofgren.  Every  lawyer  and  businessman  might  not  agree 
with  you.  Most  of  us  who  are  in  professions,  with  the  exception  of 
the  Members  of  the  104th  Congress,  do  enjoy  what  we  are  attempt- 
ing to  do. 

[Laughter.] 

Ms.  Lofgren.  I  guess  the  question  is  what  do  we  do,  how  do  we 
assist  if  there  is  a  positive  role  for  us  to  play?  It  is  fine  to  have 
delight  in  discovery,  and  I  am  sure  you  are  correct  the  scientists 
and  engineers  who  I  have  personally  known;  but,  if  you  are  unem- 
ployed, or  at  the  end  of  your  Ph.D.  and  postdoctoral  work  you  are 
pulling  in  $25,000  a  year  and  you  can't  pay  off  the  loans,  you  can't 
get  married,  you  can't  have  a  family,  you  can't  buy  a  house,  and 
it  does  really  cut  into  the  delight  you  might  have  in  experimenting 
and  creating  and  learning. 

It  seems  to  me  that  that  is  a  major  issue,  not  just  for  this  Com- 
mittee but  for  this  country. 

Like  I  say,  I  talked  just  a  month  ago  to  a  Russian  emigre  to  the 
United  States  whom  I  know  personally  who  was  just  stunned  that 
he  has  a  number  of  advanced  degrees  in  computing  science  and 
Russia's  economy  is  in  complete  disarray  but  still  those  who  are  in 
science  are  the  intellectual  elite  of  that  country  and,  to  the  extent 
there  was  compensation,  they  were  esteemed.  And  he  was  observ- 
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ing  that  any  smart  student  in  this  country  goes  to  law  school  in- 
stead. 

I  guess  that  is  the  nub  of  the  question.  How  do  we  provide  at 
least  a  minimum  level  of  emplo5rment  and  income  so  that  bright 
minds  can  do  what  our  country  needs  them  to  do,  which  is  to  go 
into  the  advanced  sciences? 

I  think  the  report  is  useful,  but  I  am  not  seeing  a  path  to  resolve 
that  question.  Maybe  it  is  not  resolvable  with  one  answer,  but  I 
think  it  is  a  major  challenge  that  we  have  to  face. 

Dr.  Griffiths.  There  was  an  eariier  report  that  COSEPUP  pre- 
pared which  was  released  two  years  ago  where  we  proposed  certain 
national  goals  for  the  level  of  support  in  science  and  engineering. 

I  think  if  there  were  a  sense  of  how  much  science  is  enough  and 
that  this  is  the  level  of  support  that  will  be  there,  and  there  was 
some  predictability  and  if  there  were  information  systems  so  that 
students  knew  what  to  expect  realistically,  that  having  this  avail- 
able would  help  the  situation. 

I  think  many  students  went  into  graduate  school  expecting  one 
thing,  they  found  quite  a  different  thing  when  they  got  through. 
They  ended  up  doing  something  that  they  had  not  expected  to  do. 
They  actually  love  what  they  are  doing,  many  of  them,  but  they  are 
still  bitter  about  how  they  got  from  A  to  B.  So  we  need  much  bet- 
ter, I  think,  information  in  this  system,  and  I  think  we  need  to  sort 
out  what  we  as  a  country  feel  is  the  appropriate  level  of  support 
of  the  science  and  engineering  enterprise  and  have  that  known. 

Mr.  SCHIFF.  I  have  to  say  the  lady's  time  has  expired.  If  the  lady 
desires  an  extra  two  minutes,  we  will  extend  it. 

Ms.  LOFGREN.  No,  thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  Thank  you  very  much, 

Mr.  Weldon? 

Mr.  Weldon.  I  thank  the  Chairman. 

I  apologize  for  not  being  here  for  your  earlier  testimony,  sir.  I 
was  in  another  committee  markup. 

I  consider  this  a  fairly  important  issue.  When  I  was  an  under- 
graduate student,  I  contemplated  graduate  school  as  opposed  to 
medical  school,  which  I  did  pursue.  One  of  the  things  that  did  en- 
courage me  to  pursue  medical  school  was  seeing  one  of  the  grad- 
uate student  teaching  assistants  in  the  course  I  was  taking.  He 
was  approaching  graduation  and  having  problems  finding  the  type 
of  emplojmient  he  wanted,  which  was  an  academic  post. 

I  guess  my  question  to  you,  which  I  am  not  sure  you  covered  in 
your  testimony,  is  the  tremendous  proliferation  of  universities  in 
our  Nation  in  the  past  40  years,  how  much  of  that  is  playing  a  role 
in  the  situation  that  we  are  seeing  here. 

I  represent  Florida,  but  I  grew  up  in  New  York,  and  I  know 
when  I  was  a  child  growing  up  in  New  York,  the  governor  at  the 
time.  Nelson  Rockefeller,  took  a  bunch  of  teachers  colleges  and 
turned  them  into  universities.  And  there  are  a  lot  of  universities 
today  in  America  training  graduate  students  that  didn't  exist  30, 
40  years  ago. 

We  are  playing  somewhat  of  a  role  in  that  in  the  proliferation  of 
these  institutions  through  the  granting  process  that  is  made  avail- 
able, and  I  wonder  if  you  would  just  comment  on  that.  You  may 
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have  said  something  earlier  in  your  statement  about  it,  £ind  I 
apologize  if  I  am  asking  you  to  be  redundant. 

Dr.  Griffiths.  The  committee  did  not  discuss  at  any  length 
whether  there  was  overcapacity  or  overexpansion  of  the  university 
system. 

We  discussed  briefly  whether  there  should  be  any  sort  of  accredi- 
tation process,  which  there  is  not  currently,  for  Ph.D.  degrees.  I 
think  the  experience  that  I  have  had  with  accrediting  did  not  give 
me  a  lot  of  optimism  that  this  would  help  and  improve  the  current 
situation. 

I  think  what  we  felt  ultimately  was  that  if  we  could  get  much 
better  information  into  the  system  so  the  students  could  make 
more  informed  choices  so  that  faculty  can  be  much  better  advisors 
to  their  students,  then  the  market  conditions  would  be  the  best 
way  to  determine  the  size  of  the  system. 

You  know,  if  you  have  too  many  universities  and  if  students 
make  informed  choices  not  to  go  to  graduate  school,  then  you  will 
see  small  or  disappearing  graduate  programs.  In  fact,  that  is  al- 
ready happening. 

So,  rather  than  make  a  statement  that  the  number  of  programs 
that  can  award  a  Ph.D.  in  chemistry  should  be  limited  to  150  or 
something  of  that  sort,  we  felt  it  was  much  better  to  simply  have 
a  system  which  is  well  informed  and  let  it  raise  its  own  interim  ad- 
justment. 

Mr.  Weldon.  Thank  you. 

Mr.  SCHIFF.  Thank  you  very  much,  Mr.  Weldon. 

Just  as  I  said,  it  was  a  privilege  to  have  our  two  researchers  on 
this  Subcommittee,  it  is  a  privilege  to  have  one  of  our  physicians 
in  Congress  on  the  Subcommittee  also. 

Ms.  Jackson  Lee? 

Ms.  Jackson  Lee.  Mr.  Chairman,  thank  you  very  much. 

I  really  want  to  applaud  you  and  the  ranking  member  of  the 
Subcommittee  as  well  for  this  hearing  and  the  information  that  we 
are  able  to  glean  from  this. 

Let  me  acknowledge  and  apologize  to  Dr.  Griffiths.  I  was  de- 
tained as  well  and  may  not  have  had  the  full  opportunity  to  hear 
all  of  your  testimony.  But  I  am  interested  in  the  concept,  and 
maybe  you  can  explore  it  a  little  bit  with  me,  since  I  haven't  been 
in  college  maybe  just  yesterday  or  a  few  years  ago. 

I  had  the  opportunity  to  interact  with  graduate  students,  and  I 
think  the  importance  of  your  focus  about  training  and  hands-on 
versus  just  being  maybe  led  around  is  a  very  important  aspect  of 
the  training  direction. 

Help  me  with  that  in  terms  of  what  we  might  do  at  this  level 
to  ensure,  whether  it  deals  with  the  funding,  whether  it  deals  with 
ultimately  the  kind  of  partnerships  the  Federal  Government  has  in 
helping  graduate  training  be  more  hands-on  and  thereby  create  an 
excitement  of  our  future  scientists  to  be  more  creative  and  produc- 
tive. 

Dr.  Griffiths.  The  committee  foimd  that  the  graduate  education 
system,  at  least  for  the  last  20,  25  years,  has  been  largely  driven 
by  the  research  system.  There  has  been  no,  if  you  like,  human  re- 
source policy  for  the  education  of  advanced  scientists  and  engi- 
neers. 
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Most  of  the  financial  support  or  Federal  financial  support  of 
graduate  students  is  through  engineering  assistantships;  I  think 
about  85  percent.  We  felt  that  it  was  time  to  really  think  about 
what  the  educational  policy  should  be  for  the  training  of  advanced 
scientists  and  engineers  and  to  recast  the  Federal  support  for  grad- 
uate students  with  the  educational  objectives  in  mind,  and  those 
objectives,  as  discussed  in  the  report,  should  be  more  hands-on  ex- 
perience, provide  the  options  for  greater  flexibility,  choices,  things 
of  that  kind. 

So  I  think  the  role  the  Federal  Government  can  play,  one  role, 
is  to  encourage  the  efforts.  Are  any  underway?  To  some  extent, 
NSF  and  NIH — to  think  of  the  financial  support  of  graduate  stu- 
dents as  enhancing  their  educational  experience  and  providing 
them  a  greater  set  of  options  than  has  been  the  case. 

Ms.  Jackson  Lee.  Let  me  just  throw  out  for  you  the  possibility — 
and  this  may  be  ongoing,  you  need  to  help  me  with  this  as  well — 
whether  a  greater  participation  in  the  labs,  greater  participation, 
again,  possibly,  in  an  internship  fellowship  component  at  NASA  or 
the  space  station,  potentially,  as  we  work  toward  funding  those 
particular  entities. 

What  about  opportunities  along  those,  that  is  Federal  obviously, 
opportunities?  I  am  sure  there  is  private  sector.  But  how  would 
that  fit  into  the  scheme  of  the  direction  that  your  report  has  taken? 

Dr.  Griffiths.  I  think  it  would  be  very  consistent  with  it.  Any 
sort  of  greater  set  of  options  for  students  as  they  come  through 
graduate  school  to  broaden  their  experience  hands  on,  see  what  it's 
like  working  in  industry  or  working  in  a  Federal  lab,  I  know  that 
within  the  NSF,  within  the  engineering  directorate  now,  they  have 
a  very  fine  experimental  program  where  graduate  students,  partly 
funded  by  NSF,  partly  funded  by  industry,  split  some  of  their  time 
doing  their  thesis  project. 

So  all  of  these  kinds  of  experimentation  and  experiments  that 
work  and  develop  them  into  programs  I  think  could  improve  the 
system. 

Ms.  Jackson  Lee.  My  last  question  that  I  would  like  you  to  focus 
on  may  be  beyond  the  boundaries  of  what  would  be  exciting  for  a 
graduate  student.  But  I  continue  to  ask  a  series  of  questions  about 
how  we  can  continue  to  excite  those  primary  and  secondary  stu- 
dents. So  I  would  offer,  say  that  I  would  encourage  graduate  stu- 
dents to  spend  a  day  at  their  local  school  and  be  engaged,  if  you 
will,  whether  it  be  volunteer,  whether  it  be  a  component  of  their 
training,  to  provide  that  base  for  us  in  the  21st  century. 

The  other  question  I  would  ask  you  to  respond  to  is  the  continu- 
ing concern  about  women  and  minorities  in  the  sciences  and  cer- 
tainly at  the  graduate  level  and  what  we  do  there,  starting  at  an 
early  age  or  however  we  expose  that  population  to  this  important 
work. 

Dr.  Griffiths.  One  of  the  recommendations  of  the  committee 
was  shortening  the  time  to  the  degree.  But  we  did  not  say  that  this 
should  be  mandated  or  that  it  should  be  five  years  or  six  years,  be- 
cause, for  example,  many  women  as  they  go  through  graduate 
school  will  have  a  family  and  I  think  students  that  come  from  dif- 
ferent backgrounds  that  may  not  have  the  resources  to  be  able  to 
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go  through  graduate  school  without  taking  time  off  to  work,  we 
need  to  have  the  flexibihty  in  the  system  for  that. 

So,  even  though  as  a  general  policy  we  felt  that  the  time  to  de- 
gree could  be  shortened,  we  did  not  feel  that  this  should  be  legis- 
lated. In  particular,  we  want  to  make  sure  that  the  system  is  as 
open  as  it  can  be  to  groups  that  have  not  traditionally  participated 
in  it,  and  a  conscious  effort  should  be  made  to  have  policies  that 
encourage  this. 

Ms.  Jackson  Lee.  A  certain  amount  of  outreach? 

Dr.  Griffiths.  That's  right. 

Ms.  Jackson  Lee.  Thanit  you,  Mr.  Chairman. 

Mr.  SCHIFF.  Thank  you,  Ms.  Jackson  Lee. 

Although  I  would  like  to  move  on  to  our  next  panel,  I  would  like 
to  ask  one  time  if  any  member  really  has  a  question  they  didn't 
think  of  and  didn't  have  a  chance  to  ask  before. 

Mrs.  Morella? 

Mrs.  Morella.  Mr.  Chairman,  I  have  a  question,  just  a  point  of 
observation,  in  terms  of  striving  to  strike  a  balance.  I  counted  the 
number  of  people  on  the  panel,  and  there  were  19.  Of  the  19,  there 
was  one  woman.  I  know  you  had  nothing  to  do  with  putting  it  to- 
gether, but  in  light  of  my  concerns  and  the  concerns  expressed  by 
Ms.  Jackson  Lee,  I  think  that  as  we  put  these  panels  together, 
there  should  be  somewhat  more  balance. 

Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  Dr.  Griffiths,  I  want  to  thank  you,  first  of  all,  com- 
mend you  on  an  excellent  report  from  you  and  your  committee,  and 
I  want  to  thank  you  once  again.  I  know  this  isn't  your  first  visit 
before  a  congressional  committee,  but  thank  you  for  the  contribu- 
tion you  have  made  with  your  testimony.  Thank  you  very  much, 
sir. 

Dr.  Griffiths.  Thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  I  would  lUte  now  to  welcome  Dr.  Neal  Lane,  who  is 
director  of  the  National  Science  Foundation,  and  Dr.  Harold 
Varmus,  who  is  the  director  of  the  National  Institutes  of  Health. 

Gentlemen,  as  you  both  know,  your  written  statements  have 
been  received  and,  without  objection,  will  be  made  a  permanent 
part  of  the  record  of  this  hearing. 

I  invite  you  to  proceed  and  summarize  as  you  both  see  fit. 

Dr.  Lane,  our  Subcommittee  has  jurisdiction  over  your  agency. 

[Laughter.] 

Mr.  SCHIFF.  So  we  will  recognize  you  first. 

STATEMENT  OF  DR.  NEAL  LANE,  DIRECTOR,  NATIONAL 
SCIENCE  FOUNDATION 

Dr.  Lane.  Thank  you  very  much,  Mr.  Chairman,  Representative 
Geren,  members  of  the  Subcommittee,  and  my  colleague,  Harold 
Varmus,  for  letting  me  go  first.  I  greatly  appreciate  this  oppor- 
tunity to  testify  on  this  issue  that  so  directly  affects  the  future  of 
the  Nation,  the  advanced  education  and  training  of  scientists  and 
engineers. 

As  NSF  director  and  as  former,  and,  I  very  much  hope,  future 
professor  of  physics,  I  have  both  a  personal  and  a  professional  in- 
terest in  this  issue.  I  make  it  a  point  when  I  visit  campuses  around 
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the  country  as  I  often  do  to  always  seek  out  graduate  students, 
sometimes  individually  and  sometimes  in  groups,  listen  to  their 
concerns,  talk  about  how  their  experiences  are  going. 

I  have  also  encouraged  my  colleagues  at  NSF  and  throughout  the 
community  to  talk  about  the  difficulties  young  scientists  and  engi- 
neers encounter  as  they  embark  on  their  careers  because  this  real- 
ly is  a  serious  matter,  but  a  very  complex  one,  and  it  is  important 
to  understand  the  people  who  are  closest  to  having  the  experiences 
to  help  us  understand  what  is  going  on. 

To  help  spur  this  discussion,  I  had  the  very  good  fortune  of 
coauthoring  with  Mary  Good,  the  Undersecretary  of  Technology  at 
the  U.S.  Department  of  Commerce,  an  article  for  Science  magazine 
that  addressed  many  of  the  issues  being  discussed  today,  and  with 
your  permission,  Mr.  Chairman,  I  would  like  to  submit  a  copy  of 
that  article  for  the  record. 

Mr.  SCHIFF.  Without  objection,  it  will  be  made  part  of  the  record. 

Dr.  Lane.  Thank  you,  Mr.  Chairman. 

The  COSEPUP  report,  "Reshaping  the  Graduate  Education  of 
Scientists  and  Engineers,"  makes  it  clear  that  the  current  situation 
presents  us  with  a  real  paradox.  There  can  be  no  doubt,  I  believe, 
about  the  quality  of  the  U.S.  system  of  graduate  education  in 
science  and  engineering.  It  continues  to  attract  students  and  schol- 
ars from  aroiuid  the  globe,  and  it  gives  students  the  opportiuiity  to 
learn  in  the  most  effective  manner  possible  through  direct  partici- 
pation in  research  at  the  frontiers  of  knowledge. 

Yet,  even  with  this  outstanding  training,  some  of  our  graduates 
have  found  their  career  prospects  uncertain  and  their  frustrations 
rising.  While  the  overall  unemployment  rate  for  scientists  and  engi- 
neers remains  well  below  the  national  average  for  all  workers,  sev- 
eral scientific  disciplines  report  disappointing  rates  for  recent 
Ph.D.s  and  many  graduates  report  obtaining  only  part-time  or  tem- 
porary work. 

The  unemplo5anent  and  the  underemplo)Tnent  rates  vary  signifi- 
cantly across  fields,  with  engineers  and  life  scientists  generally 
faring  better  than  physicists,  sociologists  and  geoscientists. 

The  outlook  is  not  encouraging  in  many  traditional  fields,  how- 
ever. When  one  considers  the  spending  cuts  in  Federal  R&D  spend- 
ing, the  ongoing  restructure  of  industrial  R&D  and  the  uncertain 
future  of  our  national  labs,  it  is  likely  that  the  situation  will  get 
worse  before  it  gets  any  better. 

It  is  important  for  all  of  us  to  step  back  and  appreciate  the  full 
significance  of  this  perplexing  paradox.  When  we  talk  about  the 
education  and  training  of  scientists  and  engineers,  our  conversa- 
tion, by  definition,  extends  to  the  very  future  of  the  Nation.  Today, 
America's  scientists  and  engineers  routinely  generate  inventions, 
insights,  and  breakthroughs  that  make  the  country  more  produc- 
tive at  work,  help  rid  us  of  deadly  diseases,  address  pressing  soci- 
etal concerns,  and  build  promise  for  the  future. 

Just  two  weeks  ago,  several  newspapers  reported  on  the  discov- 
ery by  a  theoretical  computer  scientist  of  what  is  being  called  a  mo- 
lecular computer,  a  computational  device  that  taps  the  precision 
and  predictability  of  DNA  replication  to  solve  a  very  difficult  com- 
putational problem.  Someday  down  the  road  it  may  become  com- 
monplace to  find  supercomputers  in  test  tubes  performing  billions 
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of  calculations  simultaneously,  one  example  of  why  all  of  us  should 
be  very  concerned  if  careers  in  science  begin  to  lose  their  luster  and 
their  attraction  for  our  best  and  brightest. 

We  find  other  examples  just  by  reviewing  the  issues  that  top  the 
agenda  here  in  Congress:  telecommunications,  health  care,  clean 
water  and  other  environmental  issues,  and  economic  competitive- 
ness, as  Chairman  Walker  discussed  in  a  recent  meeting  with  the 
National  Science  Board. 

All  are  issues  steeped  in  science  and  technology.  Science  and 
technology  have  pervaded,  touched,  and  improved  virtually  every 
part  of  our  lives  from  the  wrinkle-free  fabrics  on  our  backs  to  the 
phones  in  our  cars.  Therefore,  the  very  notion  that  education  and 
training  in  science  and  engineering  might  be  viewed  as  limiting 
one's  career  options  instead  of  expanding  them  must  give  us  pause. 

Thanks  to  the  COSEPUP  report  and  other  reports  on  the  issue 
a  consensus  for  action  has  begun  to  emerge.  The  COSEPUP  report 
frequently  states  that  we  are  facing  more  than  just  a  temporary 
slowdown  in  science  and  engineering  employment. 

To  quote  from  the  report,  "The  end  of  the  Cold  War,"  the  rapid 
growth  of  international  competition  in  technology-based  industries, 
and  a  variety  of  constraints  on  research  spending  have  altered  our 
market  for  scientists  and  engineers.  The  increasing  rate  of  change 
suggests  a  need  for  scientists  and  engineers  who  can  readily  adapt 
to  continuing  changes. 

In  addition  to  the  COSEPUP  report,  other  studies  and  reports 
have  heightened  our  awareness  and  highlighted  the  need  for  ac- 
tion. Several  recent  articles  and  reports  have  chronicled  the  dis- 
appointment and  disillusionment  many  young  scientists  and  engi- 
neers encounter  when  searching  for  permanent  employment. 

The  National  Science  Board,  at  its  June  meeting,  concerned 
about  this  issue,  established  the  task  force  on  graduate  £uid 
postdoctoral  education.  The  task  force  will  review  the  COSEPUP 
report  and  other  recent  studies  and  will  examine  many  aspects  of 
NSF's  role  in  graduate  education,  including  the  balance  between 
fellowships,  traineeships,  and  research  assistantships. 

At  the  present  time,  NSF  supports  only  about  five  percent  in  a 
given  year  of  all  the  science  and  engineering  graduate  students 
stud5dng  in  the  United  States.  This  fraction  varies  by  field.  Just  to 
give  you  an  example,  NSF  supports  something  over  ten  percent  of 
the  graduate  students  in  the  physical  and  Earth  sciences. 

The  task  force  was  expected  to  complete  its  report  and  present 
recommendation  before  the  end  of  the  calendar  year.  This  work  and 
the  current  wealth  of  information  available  for  review  will  enable 
NSF  and  the  National  Science  Board  to  consider  new  policy  and 
program  options  for  the  Foundation. 

Again,  Mr.  Chairman,  with  your  permission,  I  would  like  to  sub- 
mit the  task  force's  charge  for  the  record. 

Mr.  SCHIFF.  Without  objection,  it  will  be  admitted. 

Dr.  Lane.  NSF  has  also  recently  taken  a  number  of  significant 
steps  to  improve  opportunities  for  graduate  students  and  yoimg  sci- 
entists and  engineers.  A  program  we  call  GOALI,  Grant  Opportuni- 
ties for  Academic  Liaison  with  Industry,  enables  graduate  students 
and  faculty  to  gain  experience  working  in  industrial  settings.  A 
program  we  call  CAREER,  which  stands  for  Faculty  Early  Career 
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Development,  encourages  junior  faculty  to  explicitly  link  their 
teaching  activities  with  their  research  responsibilities. 

NSF  supports  several  centers  programs,  engineering  research 
centers,  supercomputer  centers,  science  and  technology  centers, 
programs  which  have  expanded  the  learning  environment  on  many 
campuses  by  providing  a  structure  for  industry-iuiiversity  coopera- 
tion and  bringing  together  researchers  from  different  disciplines 
who  are  often  working  on  complex  problems  that  cross  those  dis- 
ciplinary lines. 

In  addition,  NSF's  directorate  for  mathematical  and  physical 
sciences  just  last  month  hosted  a  workshop  on  graduate  and 
postdoctoral  training  that  attracted  great  interest  from  industry 
and  the  academic  community.  The  tentative  findings  from  the 
workshop  closely  parallel  those  in  the  COSEPUP  report. 

Among  the  concerns  it  raised  is  the  narrowness  and 
overspecialization  of  doctoral  training,  the  lengthening  of  the  time 
required  to  obtain  a  Ph.D.,  and  the  low  participation  rates  of 
women  and  minorities  in  science  and  engineering. 

I  would  like  to  emphasize,  Mr.  Chairman,  that  this  latter  issue 
is  a  very  real  issue.  We  know  from  demographic  shifts  going  on  in 
the  country  that  if  our  Nation  in  fact  is  going  to  be  a  leader  in 
science  and  technology  in  the  21st  century,  it  is  going  to  be  essen- 
tial that  we  continue  to  press  on  this  vital  issue  of 
underrepresentation . 

Before  closing,  I  would  like  to  emphasize  that  NSF  recognizes  the 
need  to  work  very  closely  with  universities  when  contemplating 
changes  to  current  policies.  Many  academic  departments  have  al- 
ready begun  to  redesign  their  degree  programs  in  light  of  current 
concerns,  providing  more  opportunities  for  group  research  and 
interdisciplinary  research  to  better  prepare  students  for  careers 
outside  academe. 

The  National  Science  Foundation  encourages  and  supports  these 
important  efforts  on  the  part  of  institutions  to  respond  to  the 
changing  science  and  technology  scene  in  the  U.S.  and  to  assure 
better  career  opportunities  for  their  graduates. 

Mr.  Chairman,  I  would  like  to  conclude  my  testimony  with  an 
admonition.  We  must  take  great  care  in  framing  the  questions  that 
lead  us  to  understanding  the  breadth  and  the  depth  of  this  complex 
issue.  The  issue  at  stake  is  not  simply  whether  there  will  be 
enough  faculty  openings  for  tomorrow's  Ph.D.s  but  rather  why  has 
a  society  so  broadly  based  in  science  and  technology  managed  to 
define  so  narrowly  the  roles  and  responsibilities  of  scientists  and 
engineers  in  its  midst? 

Only  in  this  way  can  we  best  determine  how  to  expand  the  hori- 
zons for  young  scientists  and  engineers  and  at  the  same  time  en- 
sure that  our  Nation  possesses  the  scientific  human  capital  needed 
for  the  21st  century. 

Above  all  else,  we  must  move  beyond  the  notion  that  science  and 
engineering  are  esoteric  and  separate  when  in  fact  they  are  univer- 
sal and  pervasive.  We  must  be  more  aggressive  in  portra3ring  train- 
ing in  science  and  engineering  as  preparing  for  a  broad  array  of 
professional  careers. 

Research  experience  teaches  the  path  of  critical  thinking  in  a 
way  that  no  other  experience  can  do  as  a  vehicle  for  informed  judg- 
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ment.  We  live  in  a  world  where  informed  judgment  seems  to  be  in 
short  supply. 

We  should  encourage  our  students  to  broaden  their  understand- 
ing and  expectations  of  the  diverse  usefulness  of  their  knowledge. 
A  study  of  science  and  engineering  arms  students  with  the  knowl- 
edge and  skills  to  be  captains  of  industry,  leaders  of  government, 
editors  of  newspapers,  film  producers,  or  teachers,  to  name  a  few 
possibilities. 

Let's  not  keep  that  a  secret,  and  let's  help  our  students  achieve 
those  noble  career  goals. 

I  would  like  to  applaud  the  Subcommittee  for  taking  up  this  im- 
portant matter  and  thank  you  for  giving  me  the  opportunity  to  ap- 
pear here  this  morning.  I  look  forward  to  your  questions. 

[The  prepared  statement  of  Dr.  Lane  follows:] 
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Mr.  Chairman,  Rep.  Geren,  members  of  the  subcommittee,  I  greatly  appreciate 
this  opportunity  to  testify  on  this  issue  that  so  directly  affects  our  future  well- 
being  and  continued  progress  as  a  nation  -  the  advanced  education  and  training 
of  scientists  and  engineers. 

As  NSF  Director  and  as  a  former  (and  hopefully  future)  professor  of  physics,  I 
have  both  a  personal  and  a  professional  interest  in  this  issue.  I  make  it  a  point 
to  meet  with  graduate  students  and  young  faculty  and  listen  to  their  concerns 
whenever  I  visit  university  campuses.  I  also  have  encouraged  my  colleagues  at 
NSF  and  throughout  the  community  to  discuss  the  difficulties  young  scientists 
and  engineers  encounter  as  they  embark  on  their  careers.  To  help  spur  this 
discussion,  I  had  the  good  fortune  last  fall  of  being  able  to  co-author  with  Mary 
Good,  the  Undersecretary  for  Technology  at  the  U.S.  Department  of  Commerce, 
an  article  for  Science  magazine  that  addressed  many  of  the  issues  being 
discussed  today.  With  your  permission,  Mr.  Chairman,  I  would  like  to  submit  a 
copy  of  that  article  for  the  record. 

The  report,  "Reshaping  the  Graduate  Education  of  Scientists  and  Engineers," 
issued  by  the  National  Academy  of  Sciences'  Committee  on  Science, 
Engineering,  and  Public  Policy  (COSEPUP)  makes  clear  that  the  current 
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situation  presents  us  with  a  perplexing  paradox.  There  can  be  no  doubt  as  to 
the  quality  of  the  U.S.  system  of  graduate  education  in  science  and  engineering. 
It  continues  to  attract  students  and  scholars  from  around  the  globe,  and  it  gives 
students  the  opportunity  to  learn  in  the  most  effective  manner  possible  -  through 
direct  participation  in  research  at  the  frontiers  of  knowledge. 

Yet  even  with  this  outstanding  training,  some  of  our  graduates  have  found  their 
career  prospects  uncertain  and  their  frustrations  rising.  While  the  overall 
unemployment  rate  for  scientists  and  engineers  remains  far  below  the  national 
average  for  all  workers,  several  scientific  societies  report  high  rates  for  recent 
Ph.D.s,  and  many  graduates  report  obtaining  only  part-time  or  temporary  work. 
The  unemployment  and  underemployment  rates  do  vary  significantly  across 
fields,  with  engineers  and  life  scientists  generally  faring  better  than  physicists, 
sociologists,  and  geoscientists.^  The  outlook  is  not  encouraging  in  many 
traditional  fields,  however.  When  one  considers  the  pending  cuts  in  Federal 
R&D  spending,  the  ongoing  restructuring  of  industrial  R&D,  and  the  uncertain 
future  of  our  national  labs,  it  is  easy  to  imagine  the  situation  getting  worse  before 
it  gets  any  better. 

It  is  important  for  all  of  us  to  step  back  and  appreciate  the  full  significance  of  this 
perplexing  paradox.  When  we  talk  about  the  education  and  training  of  scientists 
and  engineers,  our  conversation  by  definition  extends  to  our  future  as  a  nation. 
Today,  America's  scientists  and  engineers  routinely  generate  inventions, 
insights,  and  breakthroughs  that  make  the  country  more  productive  at  work,  help 
rid  us  of  deadly  diseases,  generate  new  technologies  for  industry,  improve  our 
environment,  address  pressing  societal  concerns,  and  build  promise  for  our 


'  Reported  in  recent  (1994-1995)  issues  of  CPST  Comments  (formerly  Manpower  Comments), 
published  by  the  Commission  on  Professionals  in  Science  and  Technology,  Washington,  DC. 
National  Science  Foundation.  Division  of  Science  Resources  Studies,  Data  Brief:  "For  1993. 
Doctoral  Scientists  and  Engineers  Report  1.6  Percent  Unemployment  Rate  But  4.3  Percent 
Underemployment,"  March  15,  1995. 
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future.  Just  two  weeks  ago,  several  newspapers  reported  on  the  development  of 
what  is  being  called  a  molecular  computer  -  a  computational  device  that  taps  the 
precision  and  predictability  of  DNA  replication.    Someday  down  the  road,  it  might 
become  commonplace  to  find  supercomputers  in  test-tubes  performing  billions 
of  calculations  simultaneously. 

This  is  just  one  example  of  why  all  of  us  should  be  very  concerned  if  careers  in 
science  begin  to  lose  their  luster  and  attraction  for  our  best  and  brightest.  We 
find  other  examples  just  by  reviewing  the  issues  that  top  the  agenda  here  in  the 
Congress:  telecommunications,  health  care,  clean  water  and  other 
environmental  issues,  and  economic  competitiveness,  as  Chairman  Walker 
discussed  in  a  recent  meeting  with  the  National  Science  Board.  All  are  issues 
steeped  in  science  and  technology.  Science  and  technology  have  pervaded, 
touched,  and  improved  virtually  every  part  of  our  lives,  from  the  wrinkle-free 
fabrics  on  our  backs  to  the  phones  in  our  cars.  Therefore,  the  very  notion  that 
education  and  training  in  science  and  engineering  might  be  viewed  as  limiting 
one's  career  options  instead  of  expanding  them  must  give  us  pause. 

Thanks  to  the  COSEPUP  report  and  other  reports  on  this  issue,  a  consensus  for 
action  has  begun  to  emerge.  The  COSEPUP  report  frequently  states  that  we 
are  facing  more  than  just  a  temporary  slowdown  in  science  and  engineering 
employment.    To  quote  from  the  report,  (quote)  "the  end  of  the  cold  war,  the 
rapid  growrth  of  international  competition  in  technology-based  industries,  and  a 
variety  of  constraints  on  research  spending  have  altered  our  market  for  scientists 
and  engineers. ...The  increasing  rate  of  change  suggests  a  need  for  scientists 
and  engineers  who  can  readily  adapt  to  continuing  changes."^  (end  quote) 


National  Academy  of  Sciences.  Committee  on  Science,  Engineering,  and  Public  Policy, 
Reshaping  the  Graduate  Education  of  Scientists  and  Engineers.  National  Academy  Press.  1995, 
page  2 

Page  3 


53 


In  addition  to  the  COSEPUP  report,  other  studies  and  reports  have  heightened 
our  awareness  and  highlighted  the  need  for  action.  A  paper  issued  last  month 
by  the  RAND  Corporation  and  Stanford  University  has  attracted  attention  by 
concluding  that  the  higher  education  system  is  currently  overproducing  science 
and  engineering  Ph.D.s/  Several  recent  articles  and  reports  have  chronicled 
the  disappointment  and  disillusionment  many  young  scientists  and  engineers 
encounter  when  searching  for  permanent  employment.^ 

The  Science  Board  at  its  June  meeting  established  the  Task  Force  on  Graduate 
and  Postdoctoral  Education.  The  Task  Force  will  review  the  COSEPUP  report 
and  other  recent  studies,  and  it  will  examine  many  aspects  of  NSF's  role  in 
graduate  education,  including  the  balance  between  fellowships,  traineeships, 
and  research  assistantships.  The  Task  Force  is  expected  to  complete  its  report 
and  present  recommendations  before  the  end  of  this  calendar  year.  This  work 
and  the  current  wealth  of  information  available  for  review  will  enable  NSF  and 
the  National  Science  Board  to  consider  new  policy  and  program  options  for  the 
Foundation.  Again,  with  your  permission  Mr.  Chairman,  I  would  like  to  submit 
the  Task  Force's  charge  for  the  record. 

NSF  has  also  recently  taken  a  number  of  significant  steps  to  improve 
opportunities  for  graduate  students  and  young  scientists  and  engineers.  The 
GOALI  program  (Grant  Opportunities  for  Academic  Liaison  with  Industry) 
enables  graduate  students  to  gain  experience  working  in  industrial  settings.  The 
CAREER  program  (Faculty  Early  Career  Development)  encourages  junior  faculty 


*  William  F  Massy,  Charles  A.  Goldman,  The  Production  and  Utilization  of  Science  and 
Engineenng  Doctorates  In  the  United  States.  Stanford  University,  Institute  for  Higher  Education 
Research.  1995.  Discussed  in:  Daniel  S.  Greenberg,  "So  Many  PhDs."  The  Washington  Post, 
July  2,  1995.  page  C7. 

Sheila  Tobias,  Daryl  Chubin,  Kevin  Aylesvi/orth,  Rethinking  Science  as  a  Career:  Perceptions 
and  Realities  from  the  Physical  Sciences,  Research  Corporation,  1995  (forthcoming).  James  C. 
Fleet,  "Young  Researchers'  Disillusionment  Bodes  III  for  the  Future  of  Science.  The  Scientist,  May 
29,  1995.  page  11.  Sharon  Begley,  "No  Ph.D.s  Need  Apply,"  Newsweek,  Decembers,  1994, 
pages  62-63. 
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to  link  their  teaching  and  research  responsibilities.  NSF's  several  centers 
programs,  including  the  Engineering  Research  Centers,  Supercomputer  Centers, 
and  the  Science  and  Technology  Centers,  have  expanded  the  learning 
environment  on  many  campuses  by  providing  a  structure  for  industry/university 
cooperation  and  by  bhnging  together  researchers  from  different  disciplines. 

In  addition,  NSF's  Directorate  for  Mathematical  and  Physical  Sciences  just  last 
month  hosted  a  workshop  on  graduate  and  postdoctoral  training  that  attracted 
great  interest  from  industry  and  the  academic  community.  The  tentative  findings 
from  the  workshop  (  which  I  should  note  do  not  necessarily  represent  current 
NSF  policy)  closely  parallel  those  in  the  COSEPUP  report.  Among  the  concerns 
it  raised  were  the  narrowness  and  overspecialization  of  doctoral  training,  the 
lengthening  of  the  time  required  to  obtain  a  Ph.D.,  and  the  low  participation  rates 
for  women  and  minorities  in  science  and  engineehng. 

Before  closing,  Mr.  Chairman,  I  want  to  emphasize  that  NSF  recognizes  the 
need  to  work  in  very  close  cooperation  with  universities  when  contemplating 
changes  to  current  policies.  Many  academic  departments  have  already  begun  to 
redesign  their  degree  programs  in  light  of  current  concerns,  providing  more 
opportunities  for  group  research  and  interdisciplinary  research  to  better  prepare 
students  for  careers  outside  academe.  Furthermore,  the  Federal  role  in 
graduate  education  is  limited.  Only  20%  of  graduate  students  in  the  sciences 
and  engineehng  report  receive  Federal  support  in  a  given  year.  Even  this  figure 
can  be  misleading  because  it  reflects  a  broad  range  according  to  discipline,  from 
about  6  percent  in  the  social  sciences  to  over  36  percent  in  the  physical 
sciences.    (NSF  provides  support  to  about  12  percent  of  graduate  students  in 
the  physical  sciences  and  earth  sciences,  but  overall  only  about  4  percent  of  all 
science  and  engineering  graduate  students  receive  NSF  support  in  a  given 
year.)  The  preponderance  of  student  support  in  all  scientific  disciplines  is 
provided  from  institutional  sources  or  by  the  students  themselves.  Federal 
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agencies  should  support  research  and  related  graduate  education  according  to 
their  respective  missions,  while  providing  universities  and  colleges  with 
encouragement  and  flexibility  to  offer  students  a  broad  array  of  learning 
experiences. 

I  would  like  to  conclude  my  testimony  with  an  admonition.  We  must  take  great 
care  to  frame  the  questions  that  lead  us  to  understanding  the  breadth  and  depth 
of  this  complex  issue.  The  issue  at  stake  is  not  simply  whether  there  will  be 
enough  faculty  openings  for  tomorrow's  Ph.D.s,  but  rather  why  has  a  society  so 
broadly  based  in  science  and  technology  managed  to  define  so  narrowly  the  role 
and  responsibilities  of  scientists  and  engineers  within  its  midst.  Only  in  this  way 
can  we  best  determine  how  to  expand  the  horizons  for  young  scientists  and 
engineers  and.  at  the  same  time,  ensure  that  our  nation  possesses  the  scientific 
human  capital  needed  for  the  21st  Century  . 

Above  all  else,  we  must  move  beyond  the  notion  that  science  and  engineering 
are  esoteric  and  separate,  when  in  fact  they  are  universal  and  pervasive.  We 
must  be  more  aggressive  and  creative  to  portray  training  in  science  as 
preparation  for  a  broad  array  of  professional  careers.  Research  experience 
teaches  us  the  path  of  critical  thinking  --  a  vehicle  for  informed  judgment.  We 
live  in  a  world  where  informed  judgment  seems  to  be  in  short  supply. 

We  should  encourage  our  students  to  broaden  their  understanding  and 
expectations  of  the  diverse  usefulness  of  their  knowledge.  After  all,  science  and 
engineering  undergird  the  fundamental  elements  on  which  much  of 
contemporary  society  is  built.  The  study  of  science  and  engineering  arms 
students  with  the  knowledge  and  skills  to  be  captains  of  industry,  leaders  in 
government,  editors  of  newspapers,  film  producers,  or  teachers  to  name  a  few 
possibilities.  Let's  not  keep  that  a  secret!  And,  let's  help  them  achieve  these 
noble  career  goals. 
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Instead  of  expecting  all  of  our  graduate  students  to  replicate  their  mentors,  we 
should  educate  them  to  the  myhad  opportunities  that  education  and  training  in 
science  offers.  And  we  should  instill  in  them  a  sense  of  responsibility  for  the 
larger  society.  Does  this  happen?  Of  course  it  does,  but  perhaps  not  as  often  or 
as  visibly  as  would  be  ideal. 

The  noted  historian,  Jacob  Bronowski.  wrote  in  his  seminal  work.  The  Ascent  of 
Man,  (quote)  "The  world  today  is  made,  it  is  powered  by  science."  (end  quote)  If 
his  observation  is  correct,  and  I  think  it  is,  then  the  usefulness  of  education  and 
t.aining  in  research  is  limited  only  by  a  person's  imagination,  not  by  the  society  in 
which  he  or  she  lives.  All  of  us  in  government,  in  industry,  and  in  the  universities 
have  a  responsibility  to  articulate  this  philosophy. 

I  would  like  to  applaud  the  subcommittee  for  taking  up  this  important  matter  and 
for  giving  me  the  opportunity  to  appear  this  morning.  I  will  be  happy  to  answer 
any  questions. 
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Mr.  SCHIFF.  Thank  you,  Dr.  Lane.  It  is  also  a  pleasure  to  have 
you  in  front  of  us  here  at  the  Subcommittee. 
Dr.  Varmus? 

STATEMENT  OF  DR.  HAROLD  VARMUS,  DIRECTOR,  NATIONAL 
INSTITUTES  OF  HEALTH 

Dr.  Varmus.  Mr.  Chairman,  members  of  the  Subcommittee,  I 
want  to  thank  you  again  for  paying  attention  to  this  important 
topic.  In  view  of  the  fact  that  you  submitted  my  written  remarks 
for  the  record,  I  will  speak  extremely  briefly  and  allow  us  to  get 
on  with  the  questions  and  answers.  I  will  summarize  the  highlights 
of  my  responses. 

Let  me  say  first  that  I  speak  to  these  issues  based  upon  20  years 
of  experience  as  a  professor  at  the  University  of  California,  San 
Francisco,  where  I  was  involved  in  all  aspects  of  graduate  training 
and,  of  course,  based  on  20  months  as  the  director  of  the  NIH,  an 
agency  which  is  responsible  for  roughly  one-third  of  all  the  health 
research  done  in  this  country  and  for  the  renewal  of  the  human  re- 
sources required  to  carry  out  that  research. 

NIH  has  a  diversity  of  training  programs.  We  spend  well  over 
$400  million  a  year  on  the  training  of  postdoctoral  and  predoctoral 
students.  Roughly  6,000  of  the  students  who  are  supported  on  our 
programs  are  in  what  are  called  institutional  training  grants. 
There  are  roughly  1,600  of  these  around  the  country.  They  are  all 
peer-reviewed,  and  the  training  grants  are  awarded  to  institutions 
based  on  grant  applications  made  by  the  faculty  who  are  respon- 
sible for  directing  those  programs. 

In  addition,  we  support  about  10,000  students  as  research  associ- 
ates on  our  research  project  grants. 

Finally,  we  have  roughly  600  students  who  are  supported  on  in- 
dividual fellowships  and  about  800  who  are  studying  both  the  M.D. 
and  the  Ph.D.  degrees.  In  total,  we  support  roughly  15  percent  of 
students  who  are  in  biomedical  research  training  programs,  and 
those  15  percent,  we  know  fi*om  our  evaluations,  to  be  among  the 
most  successful  trainees. 

Overall,  we  believe  our  programs  have  provided  our  country  with 
a  very  highly  trained  cadre  of  investigators  who  go  on  to  hold  NIH 
grants,  who  are  responsible  for  American  leadership  in  biomedical 
research  and  for  the  remarkable  productivity  of  biomedical  inves- 
tigation over  the  last  several  years. 

Our  training  grant  programs,  in  particular,  have  been  singled 
out  by  many,  including  the  COSEPUP  report  under  discussion 
today,  as  models  for  canying  out  graduate  training. 

Nevertheless,  the  report  and  this  hearing  are  particularly  wel- 
come because  biomedical  research  is  having  difficulties.  We  are  un- 
dergoing a  transition  fi'om  a  prolonged  state  of  growth  to  a  steady 
state,  and  in  that  transition  there  is  difficultly.  There  is  difficulty 
in  obtaining  academic  jobs,  difficulty  in  obtaining  research  grants 
in  some  areas,  even  the  most  productive  biomedical  research.  As 
few  as  five  or  ten  percent  of  new  grant  applicants  are  successful 
in  the  grant  review  process.  These  low  rates  of  success  have  cre- 
ated a  high  level  of  anxiety  among  both  graduate  and  postgraduate 
trainees,  and  in  some  sense  this  is  exacerbated  by,  but  also  com- 
pensated by,  the  change  in  the  demographics  of  employment. 
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That  is,  the  employment  profile  has  changed,  with  decreased 
numbers  going  into  academic  positions,  roughly  a  twofold  increase 
in  the  various  industrial  sectors,  the  pharmaceutical  industry,  the 
biotechnology  industry,  research  resources  industries.  And  there 
has  been  an  increased  employment  in  so-called  nontraditional  occu- 
pations, including  patent  law,  entrepreneurial  ventures,  science 
writing,  science  education,  and  so  forth. 

I  and  the  NIH  agree  with  many  of  the  conclusions  of  the 
COSEPUP  report.  We  agree,  in  particular,  with  the  need  to  in- 
crease information  and  guidance  about  career  choices  and  the  need 
to  break  down  the  stereotypes  that  currently  exist  in  many  of  our 
graduate  programs  about  what  the  products  of  our  training  pro- 
grams should  be  like. 

We  agree  with  the  need  to  try  to  shorten  the  time  to  degree  in 
our  graduate  programs. 

We  also  agree  it  is  not  a  time  to  decrease  the  number  of  students 
in  our  graduate  programs,  even  if  NIH  could  control  the  numbers, 
which  of  course  we  can't.  We  consult  with  the  National  Research 
Council  every  four  years  to  ask  about  the  numbers  of  students  who 
should  be  in  the  various  biomedical  and  behavioral  research  pro- 
grams, and  we  need  to  be  guided  by  that  advice. 

I  would  point  out  that  our  ability  to  implement  some  of  the  sug- 
gestions made  in  the  COSEPUP  report  are  abetted  by  the  nature 
of  the  NIH  training  grant  program  that  supports  many  of  our  stu- 
dents. We  have  in  the  past,  for  example,  asked  those  programs  to 
carry  out  instruction  in  the  conduct  of  science  the  way  in  which  au- 
thorship is  accredited  and  the  way  in  which  students  respond  to 
suggestions  of  scientific  misconduct. 

In  the  context  of  that  kind  of  direction,  we  are  in  the  process  of 
considering  asking  those  programs  to  broaden  the  existing  training 
in  the  conduct  of  science  to  include  better  career  guidance. 

We  are  also  in  a  position  to  watch  the  outcomes  of  the  training 
programs  with  respect  to  the  time  it  takes  to  achieve  a  degree  and 
the  employment  outcomes  that  result  fi^om  training  by  the  pro- 
grams to  which  we  give  awards. 

In  conclusion,  I  appreciate  the  chance  to  present  these  views 
briefly,  and  I  welcome  your  questions. 

Thank  you  very  much. 

[The  prepared  statement  of  Dr.  Varmus  follows:] 
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Mr  Chairman  and  Members  of  the  Subcommittee: 

I  am  Harold  Varmus,  Director  of  the  National  Institutes  of  Health.   I  am  pleased  to  appear 
before  you  to  discuss  my  views  of  graduate  training,  especially  in  fields  related  to  biomedical 
sciences,  and  to  respond  to  the  report  from  the  National  Academy  of  Sciences,  summarized  by 
Dr  Griffiths. 

My  opinions  in  this  area  are  based  on  two  realms  of  experience    For  over  20  years,  I  was 
a  member  of  the  basic  science  faculty  at  the  University  of  California,  San  Francisco,  School  of 
Medicine  and  directly  involved  in  all  aspects  of  graduate  training.   Now,  for  about  20  months,  I 
have  been  responsible  for  a  Federal  agency  that  pays  for  a  substantial  fraction  of  the  Nation's 
health-related  research  and  has  a  deep  commitment  to  the  training  of  new  investigators  in  the 
relevant  fields  of  science. 

The  sciences  we  support  are  in  a  period  of  remarkable  productivity,  and  in  some  ways  they 
are  less  acutely  affected  by  the  problems  you  are  addressing  here  today    (For  example,  the 
recently  published  report  from  the  Rand  Corporation  singles  out  "bioscience"  as  the  only  field 
judged  not  to  have  an  overproduction  of  Ph.D.  recipients  ) 

Still,  there  is  considerable  and  justifiable  anxiety  among  students  currently  enrolled  in,  and 
those  recently  graduated  from,  PhD  programs  in  biomedical  and  behavioral  sciences    NIH- 
supported  programs  have  grown  dramatically  from  the  end  of  World  War  II  until  the  recent  past, 
but  during  (he  last  few  years  we  have  been  making  a  painfijl  transition  to  a  steady  state  enterprise. 

There  are  many  reasons  for  this,  but  the  relevant  consequences  have  been  heightened 
competition  for  fewer  jobs,  especially  in  the  academic  sector,  a  lower  likelihood  of  success  when 
applying  for  NIH  grants  (in  certain  fields,  as  few  as  5-10  percent  of  applicants  for  new  grants  are 

1 


61 


successflil).  longer  periods  of  graduate  and  post-doctoral  training,  and  widespread  concerns  about 
the  long-term  productivity  and  career  prospects  of  even  the  best  students  in  whom  major 
educational  investments  have  been  made. 

These  problems  have  been  somewhat  offset  by  the  growth  of  employment  in  medical 
research  industries— including  biotechnology,  research  supplies,  and  pharmaceutical  companies. 
These  industries  are  now  hiring  about  twice  as  large  a  proportion  of  graduates  in  our  fields  as  they 
did  fifteen  years  ago.  In  addition,  recent  advances  in  biomedical  science  are  now  affecting 
American  society  in  many  important  ways.  As  a  result,  our  graduates  are  finding  employment  in 
"non-traditional"  occupations— patent  law,  science  policy  and  administration,  the  media, 
investment  firms,  and  novel  educational  settings. 

The  primary  goal  of  the  support  that  NIH  provides  for  graduate  training  is  to  produce 
new,  highly-qualified  investigators  who  are  likely  to  perform  research  that  will  benefit  the 
Nation's  health    We  attempt  to  achieve  this  goal  through  a  variety  of  grant  mechanisms.   About 
6,000  NIH-supported  students  are  enrolled  in  Ph  D  programs  funded  largely  by  NIH  training 
grants.  These  grants  are  awarded  to  the  host  institution  only  after  careful  peer-review  of  a  grant 
application  from  the  faculty  who  run  the  program    Training  grants  generally  support  students  for 
about  two  or  three  years,  after  which  time  the  students  are  often  paid  as  research  assistants  on 
research  project  grants,  about  10,000  graduate  students  currently  are  receiving  such  support. 
Other  students  (about  600)  receive  individual  graduate  training  awards  from  the  NIH    In 
addition,  the  Medical  Scientist  Training  Program  (MSTP)  supports  over  800  students  who  are 
pursuing  both  the  M  D  and  Ph  D  degrees  at  33  medical  schools 

Through  these  various  mechanisms,  NIH  is  involved  in  the  training  of  about  15-20  percent 
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of  the  students  enrolled  in  PhD  programs  in  biomedical  sciences    (Foreign  students  are 
supponed  only  as  research  assistants  on  research  project  grants,  not  on  institutional  training 
grants  )  Thus  we  have  a  substantial  impact  on  the  production  of  new  generations  of  Ph  D. 
recipients,  but  we  cannot  control  the  overall  numbers  of  students,  even  if  it  were  appropriate  to 
do  so    We  have  reason  to  believe  that  we  support  many  of  the  most  promising  students  in  the 
fields  of  health  research,  for  example,  our  studies  show  that  NIH  trainees  are  relatively  successful 
when  they  apply  for  research  grants  and  jobs.  In  fact,  training  programs  whose  graduates  are  not 
successful  are  unlikely  to  be  renewed  when  they  are  again  subjected  to  peer  review.   In  my 
opinion,  any  retreat  from  our  traditional  support  of  graduate  training  would  be  a  mistake,  it  would 
send  an  inappropriately  negative  signal  to  the  best  students  at  a  time  when  biomedical  research  is 
nourishing  on  many  fronts    This  view  has  been  repeatedly  reinforced  by  the  NRC's  quadrennial 
analyses  of  graduate  education  in  biomedical  and  behavior  sciences,  most  recently  in  1994 

Although  our  primary  purpose  is  the  training  of  new,  independent  NIH-supported 
investigators,  we  strongly  support  the  recommendation  of  Dr  Griffiths'  Committee  that  graduate 
programs  should  explain  and  endorse  the  diversity  of  career  options  in  scientific  fields,  including 
biomedicine    The  enthusiasm  of  students  is  sustained  by  the  prospect  of  reasonable  job 
opponunities,  and  the  vitality  of  scientific  fields  increasingly  depends  on  the  work  of  well-trained 
Ph  D  recipients  who  enter  non-traditional  (i.e.,  non-academic)  positions.   All  students  should 
therefore  be  provided  with  information  about  such  jobs    I  believe  these  changes  in  attitude  can  be 
achieved  in  the  programs  we  support  without  any  appreciable  erosion  of  the  research  experience 
that  remains  the  cornerstone  of  graduate  training 

We  are  prepared  to  consider  ways  to  guarantee  such  changes— for  example,  by  mandating 


63 


that  they  be  part  of  institutional  NIH  training  programs    Our  ability  to  do  this  has  been 
demonstrated  recently  by  the  willingness  of  the  faculty,  who  receive  our  nearly  1600  training 
grants,  to  comply  with  a  requirement  for  instruction  in  the  responsible  conduct  of  research    The 
courses  that  are  now  in  place  to  teach  students  and  post-doctoral  fellows  about  conflicts  of 
interest,  responsible  authorship  and  data  management,  and  policies  for  handling  misconduct  and 
protecting  research  subjects  could  be  expanded  to  address  new  career  options.  Many  institutions 
that  receive  training  grants  have  expanded  their  courses  to  include  all  graduate  students,  not  just 
those  supported  by  the  NIH.  In  this  way,  training  grants  can  improve  the  educational 
opportunities  and  career  guidance  for  all  students  at  institutions  that  receive  NIH  funding. 

I  also  share  the  COSEPUP  report's  concern  about  the  increasing  length  of  graduate 
training.  From  my  own  experience  as  a  faculty  member,  I  have  learned  that  lengthy  training 
periods  are  generally  attributable  to  students  who  are  poorly  prepared  or  poorly  motivated  for 
graduate  work  or  to  faculty  who  provide  inadequate  mentoring  to  their  students    Studies  have 
shown  that  even  a  short  period  of  support  on  an  NIH  training  grant  reduces  a  student's  time  to 
degree    This  suggests  that  peer  review  identifies  the  programs  with  those  students  and  faculty 
likely  to  fijnction  effectively  in  the  training  process    By  giving  greater  attention  to  the  quality  of 
graduate  education  and  the  selection  of  appropriate  students,  I  believe  it  is  possible  to  decrease 
the  length  of  Ph  D  programs  without  undermining  the  seriousness  of  the  thesis  research  project 

Despite  the  problems  that  the  NAS  Committee  has  identified,  there  is  no  doubt  that  our 
Nation  has  been  successful  in  the  training  of  new  scientists  and  that  the  Federal  government  has 
had  an  important  role  in  this  success    The  need  for  research  in  the  health  sciences  is  unlikely  to 
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diminish  in  the  decades  ahead    Our  ability  to  harvest  the  benefits  of  recent  scientific  progress  and 
to  compete  in  the  international  arena  will  depend  on  the  continued  excellence  of  our  graduate 
programs  and  the  commitment  of  agencies,  such  as  the  NIH,  to  their  support    It  is  nevertheless 
important  to  examine  graduate  education  critically  from  time  to  time,  and  I  appreciate  the 
opportunity  to  discuss  this  report  with  you  today, 

Mr.  Chairman,  I  would  be  glad  to  answer  any  questions  that  you  or  other  Members  of  the 
Subcommittee  might  have. 
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Mr.  SCHIFF.  Thank  you,  Dr.  Varmus.  It  is  a  pleasure  to  have  you 
here  also.  We  will  proceed  again  under  the  five-minute  rule. 

I  want  to  say,  first  of  all,  earlier  I  made  a  little  jest  about  the 
fact  that  the  National  Science  Foundation  is  under  the  authorizing 
jurisdiction  of  the  Subcommittee.  The  National  Institutes  for 
Health  is  not.  I  want  to  say  that  if  I  had  a  magic  wand  that  deter- 
mined jurisdiction,  that  would  change.  The  National  Institutes  of 
Health  would  also  be  under  the  Basic  Research  Subcommittee. 

Now,  some  people  fight  to  the  death  over  jurisdiction  around  this 
place.  I  am  not  looking  forward  to  that  happening  in  the  near  fu- 
ture. 

But  the  reason  I  support  that  idea  is,  as  I  look  at  medical 
science,  it  is  more  and  more  tied  into  developments  in  technology 
ranging  from,  as  a  patient  at  times  when  I  have  sought  medical 
treatment  and  constantly  hooked  up  to  different  machines,  to  the 
fact  that  there  are  things  which  fortunately  I  have  not  needed, 
fi'om  laser  therapy  to  the  use  of  televised  screens  which  show  a 
specialist  far  away  from  the  patient  and  the  practitioner  what  is 
going  on,  an  EKG  or  EEG,  whatever  it  might  be. 

So  I  see  these  two  growing  so  closely  together  that  I  think  per- 
haps they  should  be  under  the  same  jurisdiction  somewhere. 

Having  said  that,  if  either  of  you  wish  to  respond  on  that,  I 
would  be  most  happy  to  hear  you. 

[Laughter.] 

Mr.  SCHIFF.  If  you  wish  to  plead  the  Fifth,  that  would  be  okay, 
too. 

Dr.  Varmus.  I  am  going  to  defer  a  response  to  the  question  of 
authorization,  but  I  would  echo  one  aspect  of  the  comment  that  you 
made.  That  is  that  biomedical  research  is  no  longer  narrowly  de- 
fined as  biology.  We  have  in  the  ranks  of  those  who  do  research 
that  is  relevant  to  health  many  computer  scientists,  many  engi- 
neers doing  bioengineering,  many  chemists  who  are  involved  in  the 
development  of  pharmaceuticals.  Structural  biology  is  increasingly 
dependent  upon  computers  in  various  physical  sciences.  So  that  we 
recognize  a  very  wide  spectrum  of  scientific  groundings  that  lead 
to  research  in  the  health  sciences.  We  believe  the  health  sciences 
in  general  are  very  accepting  of  scientists  who  have  been  trained 
in  a  broad  variety  of  disciplines. 

I  suppose  one  way  to  connect  this  with  the  COSEPUP  report  is 
to  point  out  that  we  think  it  is  important  that  students  who  are 
being  trained  in  these  other  sciences  recognize  opportunities  that 
exist  to  use  what  they  have  learned  in  fields  that  may  not  seem 
immediately  medical  in  the  development  of  health  information. 

Mr.  SCHIFF.  Dr.  Lane? 

Dr.  Lane.  Mr.  Chairman,  very  briefly,  the  example  that  I  used 
in  my  testimony  was  an  example  of  the  theoretical  computer  sci- 
entist who  I  don't  think  had  any  particular  knowledge  of  biology, 
genetic  research,  but  decided  to  spend  a  year  in  a  laboratory  trying 
to  learn  something  about  it,  and  obviously  richly  benefited  from  the 
science  and  the  scientists  in  that  laboratory. 

We  need  to  see  much  more  of  that  happening.  That  is  done  better 
to  the  extent  that  our  two  agencies  cooperate,  which  I  think  we  do 
very  well.  And  on  the  campuses,  the  researchers  cooperate  and 


66 

have  the  flexibiHty  to  do  that.  We  intend  to  increase  our  support 
of  those  kinds  of  interdisciphnary  activities. 

Mr.  SCHIFF.  I  have  used  about  half  my  time  and  have  a  request 
by  Mr.  Boehlert  to  go  out  of  order.  So,  to  do  this  fairly,  I  am  going 
to  yield  to  you  the  balance  of  my  five  minutes  here. 

Mr.  Boehlert.  Thank  you.  I  apologize  for  making  that  special 
request,  but  I  have  another  commitment,  as  is  so  often  the  case. 

Let  me  ask  both  of  you.  Dr.  Griffiths  said  in  his  testimony  that 
there  is  no  central  way  to  control  the  number  of  graduate  students. 
But,  of  course,  there  is.  Both  of  you  give  a  lot  of  money  out  in  re- 
search assistantships  and  fellowships.  They  have  a  large  impact  on 
the  number  of  graduate  students.  Do  we  need  to  look  more  closely 
at  whether  or  not  NSF  and  NIH  are  funding  too  many  graduate 
students? 

Dr.  Lane.  Well,  Mr  Boehlert,  one  reason  that  I  commented  on 
the  fact  that  NSF  supports  roughly  five  percent  of  the  science  and 
engineering  graduate  students  across  the  country,  while  we  have 
not  run  experiment,  my  guess  would  be  that  if  we  were  to  decide 
to  reduce  that  to  four  percent,  it  would  not  have  a  large  effect  on 
the  overall  national  problem. 

My  guess  is  though  it  is  a  little  presumptuous  to  say  so  that  we 
would  end  up  cutting  back  on  some  of  the  strongest  and  most  capa- 
ble and  probably  ultimately  most  successful  scientists  and  engi- 
neers during  those  critical  years. 

But  we  are  very  concerned  about  the  time  to  degree.  We  could, 
of  course,  just  limit  the  number  of  years.  I  spoke  of  the  number  of 
years.  But  we  could  also  limit  the  number  of  years  that  we  provide 
support,  as  is  done  in  the  U.K.,  for  example.  That  takes  a  good  bit 
of  flexibility  out  of  the  system  and  makes  it  difficult  then  to  ad- 
dress a  number  of  the  issues  that  Dr.  Griffiths  talked  about  in  his 
testimony. 

So  we  have  chosen  instead  to  give  the  researchers  the  flexibility 
to  optimize  the  research  educational  activities  going  on  in  the  lab- 
oratories, but  these  are  issues  we  continue  to  discuss  with  our  task 
force  I  mentioned  earlier. 

Dr.  Varmus.  I  would  answer  in  a  somewhat  similar  way.  We  are 
responsible  for  funding  a  relatively  small  proportion  of  those  stu- 
dents who  are  currently  in  programs  in  biomedical  and  behavioral 
sciences,  and  we  can't  control  the  numbers  ourselves. 

We  also  have  evidence  to  believe  that  the  students  who  are  bene- 
ficiaries of  our  support  are  in  fact  among  the  most  successful.  We 
look  at  the  science  that  is  being  done  by  the  graduates  of  our  pro- 
grams. The  science  is  extremely  productive  at  the  moment,  and  we 
would  not  want  to  give  a  signal  that  we  believe  that  the  science 
in  the  scientific  area  is  in  retreat. 

We  would  argue  we  know  that  there  is  difficulty  in  employment 
at  the  moment  and  we  would  rather  try  to  diversify  the  employ- 
ment opportunities  in  ways  that  are  suggested  in  the  COSEPUP 
report  than  retreat  on  that  matter. 

Mr.  SCHIFF.  I  would  have  to  say  that  my  time  has  now  expired, 
but  I  give  myself  another  two  minutes  and  extend  it  to  Mr.  Boeh- 
lert. 

Mr.  Boehlert.  The  Chair  is  very  generous. 
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You  know,  getting  back  to  my  colleague's  comment  earlier  about 
slave  labor,  we  hear  complaints  all  the  time  from  industry  and 
from  students  that  the  research  assistantships  program  funding 
the  grad  students,  what  really  happens  is  that  the  faculty  research 
sort  of  takes  precedence  over  the  education  of  the  students.  How 
do  you  guys  address  that? 

Dr.  Varmus.  One  way  we  do  that  is  the  training  grants,  the 
training  grant  system,  what  is  evaluated  is  the  nature  of  the  train- 
ing program  itself.  The  peer  review  committee  looks  at  the  program 
that  the  faculty  has  established  for  student  support.  If  the  peer  re- 
view group  judges  that  the  faculty  are  not  providing  an  adequately 
broad  and  supportive  training  program,  the  student's  need  to  be 
sacrificed  to  the  faculty  ambitions,  that  program  will  succeed  less. 

Mr.  BOEHLERT.  So  the  training  grants  are  separate  from  the  re- 
search assistantships? 

Dr.  Varmus.  That's  correct. 

Mr.  BoEHLERT.  What  is  the  trend?  Training  grants  are  going  up, 
research  assistantships  are  going  down? 

Dr.  Varmus.  It's  about  the  same.  But  let  me  point  out  that  most 
of  the  students  trained  by  NIH  are  on  training  gremts  for  perhaps 
two  or  three  years.  During  the  first  couple  of  years  of  training, 
when  they  are  receiving  their  course  work  and  they  enter  an  indi- 
vidual research  laboratory,  then  they  tend  to  become  supported  by 
project  grants  as  research  associates.  So  students  may  receive  both 
at  different  times  in  their  training. 

Mr.  BoEHLERT.  It  would  seem  to  me,  one,  you  are  recognizing 
that  there  is  some  legitimacy  to  this  complaint  fi-om  the  students. 

Dr.  Varmus.  Yes,  and  we  are  concerned  about  that.  As  Neal 
mentioned,  the  number  of  years  that  the  student  spends  in  the 
training  programs,  we  know  that  the  length  of  training  involved  in 
the  sciences  has  increased.  It  tends  to  be  less  long  to  degree  for 
students  who  have  been  supported  by  NIH  training  programs, 
which  would  suggest  that  we  are  tending  to  award  grants  to  those 
programs  that  have  been  most  expeditious  in  getting  their  students 
through  the  programs. 

Mr.  BOEHLERT.  Dr.  Lane,  and  I  know  my  time  will  be  up,  but  you 
should  be  able  to  respond  to  this. 

Mr.  SCHIFF.  Briefly,  if  you  would.  Dr.  Lane. 

Dr.  Lane.  Briefly,  we  also  have  graduate  fellowships  that  are 
awards  made  directly  to  the  student.  So  the  student  then  has  a 
complete  choice  of  where  he  or  she  works  and  for  whom.  That  is 
another  mechanism  whereby  we  can  provide  this. 

I  must  add  that  my  own  experience  in  the  university  is  such  that 
at  least  as  many  times  as  I  thought  a  professor  was  hanging  onto 
a  student  too  long,  I  saw  situations  where  you  not  get  the  student 
out  the  door. 

There  are  a  variety  of  reasons  for  that.  These  can  be  very  strong 
students.  So  I  am  not  suggesting  that  we  have  weak  students  in 
the  graduate  program  that  I  am  referring  to.  But  it  is  sometimes 
difficult  on  that  side  as  well. 

Mr.  BOEHLERT.  Thank  you. 

Thank  you  for  your  indulgence,  Mr.  Chairman,  and  I  thank  my 
colleagues  for  their  consideration. 

Mr.  SCHIFF.  Mr.  Geren? 
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Mr.  Geren.  Thank  you,  Mr.  Chairman. 

Dr.  Lane,  you  mentioned  the  NSF  supports  about  five  percent  of 
the  graduate  students.  Do  you  have  any  feel  for  how  that  would 
break  down  between  masters  and  Ph.D.s? 

Dr.  Lane.  Mr.  Geren,  I  really  don't  have  a  feeling  about  that.  I 
have  the  thought  in  my  mind,  but  I  think  that  our  colleagues  who 
have  analyzed  the  data  have  had  difficulty  with  this  as  well,  and 
the  problem  is  that  in  so  many  of  these  fields  the  masters  degree 
really  is  in  many  fields  of  science  as  opposed  to  engineering,  the 
masters  degree  really  has  been  traditionally  a  step  along  the  way 
to  the  Ph.D.  So  you  would  almost  have  to  count,  well,  how  many 
students  are  you  supporting  who  passed  their  qualifiers  and  are 
clearly  now  on  the  Ph.D.  track,  and  I  don't  know  the  answer  to 
that. 

Mr.  Geren.  Dr.  Lane,  do  you  endorse  the  NAS  report  rec- 
ommendation to  increase  the  use  of  traineeships  in  the  support  of 
graduate  students?  I  guess  I  would  ask  you  to  comment  on  how  you 
would  consider  it  from  the  students'  perspective  and  the  research 
perspective  and  the  relative  value  of  graduate  research 
assistantships  and  traineeships  and  fellowships.  Where  should  the 
emphasis  be? 

Dr.  Lane.  It  is  a  difficult  question,  and  it  is  one  that  this  task 
force  is  looking  very  hard  at.  So  I  am  anxious  to  have  the  findings 
of  that  task  force. 

Each  of  these  modes  in  the  way  NSF  supports  graduate  students 
has  its  benefits.  The  graduate  fellowship  gives  the  student  the 
most  flexibility  and  is  probably  the  most  competitive  fi*om  the  stu- 
dent's point  of  view. 

The  NSF  traineeships  are  provided  to  departments  and  institu- 
tions and  it  enables  a  department  to  do  something  that  is  thought 
to  be  particularly  important,  usually  in  integrating  research  and 
education  in  a  somewhat  novel  way  or  interacting  with  industry. 

Then  the  third  one,  the  research  assistantships,  are  provided 
through  the  research  grant,  and  they  have  the  advantage  that  it 
enables  the  faculty  member,  the  research  director  of  the  project,  to 
best  match  the  student's  capability  with  the  research  that  is  being 
done. 

We  are  looking  at  the  mix.  There  may  be  a  need  for  a  shift  in 
the  mix,  as  COSEPUP  suggests.  That  is  why  the  study  is  going  on. 

Mr.  Geren.  Mr.  Chairman,  in  light  of  the  vote  coming  up,  I  jdeld 
back  the  balance  of  my  time. 

Mr.  SCHIFF.  I  think  we  will  proceed  to  the  second  bell.  It  will 
give  us  another  five  minutes  here.  If  members  could  be  brief,  I 
would  appreciate  it  and  we  can  get  in  as  much  as  we  can, 

Mrs.  Morella? 

Mrs.  Morella.  Thank  you  very  much. 

Thank  you.  Dr.  Lane,  Dr.  Varmus, 

You  know,  Robert  Frost  once  defined  a  poem.  He  said  it  is  some- 
thing that  begins  in  the  light  and  ends  in  wisdom  and  by  defining 
wisdom,  it  tells  me  something  I  didn't  know  I  knew. 

Now,  in  the  case  about  the  report,  is  this  new  stuff  like  I  didn't 
know  I  knew  it,  or  you  knew  it  all  the  time?  Because  as  I  look  at 
it,  I  can  sort  of  say,  well,  I  appreciate  their  doing  this  report,  but 
certainly  I  know  that  we  need  to  do  more  with  regard  to  limiting 
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the  time  of  graduate  education,  certainly  I  feel  we  need  to  do  more 
with  getting  people,  other  people  experiences  to  demt>nstrate  to 
them  other  career  opportunities. 

Would  you  like  to  comment  on  that  briefly? 

Dr.  Varmus.  All  the  things,  as  Dr.  Griffiths  mentioned,  all  the 
things  that  are  in  the  report  are  being  done  at  one  institution  or 
another.  Certainly,  at  my  former  institution,  the  University  of  Cali- 
fornia at  San  Francisco,  we  were  very  concerned  about  the  growth 
in  time  to  degree.  We  were  recognizing  that  our  students  were  be- 
coming more  interested  in  alternative  careers,  that  more  students 
were  going  into  industrial  occupations.  Many  are  still  going  into 
academic  occupations. 

I  think  what  the  report  does  is  set  this  out  for  a  broad  audience 
as  a  change  in  graduate  education  and  it  signals  the  need  for  many 
programs,  not  just  the  few  that  are  in  the  forefront,  to  adapt  to  the 
changes  that  are  in  the  environment. 

Dr.  Lane.  I  would  only  add  that  I  think  since  there  is  so  much 
interest  in  this  topic  and  so  many  different  things  tried  and  so 
many  different  thmgs  being  said  about  graduate  education,  the 
other  thing  that  is  advantageous  with  the  report  is  that  it  really 
does  point  out  that  this  is  a  very  complex  issue.  Some  things  are 
not  so  simple  here,  and  that  is  as  a  result  of  a  lot  of  thought  being 
given  by  people  with  a  great  deal  of  experience.  That  in  itself  was 
helpful,  I  thmk  where  they  show  us  that  are  no  really  simple  an- 
swers. 

Mrs.  MORELLA.  I  would  be  concerned  about  studies  upon  studies 
upon  studies,  as  I  know  you  have  got  one  coming  out,  you  said,  at 
the  end  of  this  calendar  year.  I  know  you  always  reevaluate  your 
programs  as  you  should.  I  would  just  hope  that  you  wouldn't  have 
an  extra  study  to  add  to  it. 

I  want  to  ask  Dr.  Varmus,  excuse  me  for  speaking  so  quickly  be- 
cause of  the  time,  the  concept  of  the  programs  you  have  at  NIH 
that  deal  with  training  young  people.  I  know  you  had  a  program 
with  Walt  Whitman  High  School  where  students  would  come  and 
spend  some  of  their  time  and  try  to  understand  what  they  liked 
about  medical  science  and  the  varied  careers. 

I  have  a  concern  that  I  have  heard  that  some  of  the  kinds  of  pro- 
grams you  have  with  yoimg  people,  whether  they  are  internships 
or  not,  are  counted  as  part  of  their  FTE,  their  full-time  equivalent, 
which  means  that  you  cut  them  out  because  you  cannot  afford  the 
luxury  of  using  these  young  people  as  full-time  employees.  Am  I 
correct,  and  would  you  like  to  comment? 

Dr.  Varmus.  Summer  students  are  not  counted  as  FTEs,  but  we 
do  have,  for  those  students  who  come  to  our  campus  to  work  in 
temporary  employment,  they  are  coimted  as  FTEs.  That  is  a  prob- 
lem for  us. 

Mrs.  MoRELLA.  It  is  unfair,  isn't  it,  to  the  kind  of  things  we  are 
talking  about? 

Dr.  Varmus.  Those  are  not  the  kind  of  outreach  programs  you 
are  mentioning  here.  They  are  not  educational  programs. 

Mrs.  MoRELLA.  But  they  are  programs  that  could  expose  them  to 
professionals  who  might  inspire  them  to  go  into  the  scientific  fields. 
Would  you  like  to  see  that  changed? 

Dr.  Varmus.  Yes. 
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Mrs.  MORELLA.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  Mr.  Brown? 

Mr.  Brown.  Thank  you  very  much,  Mr.  Chairman. 

This  is  a  complex  subject,  gentlemen  and  I  think  the  hearing 
helps  to  educate  us  into  the  awareness  of  the  complexity  of  it. 

Amongst  the  issues  that  increase  complexity  is  the  large  number 
of  foreign-bom  graduate  students  in  the  mix.  There  is  some  aware- 
ness that  we  were  reaching  a  level  of  saturation  for  the  need  for 
Ph.D.s  in  some  of  the  sciences,  physics,  for  example,  as  long  as  20 
years  ago.  That  has  been  obscured  by  the  increase  in  graduate  stu- 
dents. 

I  refer  to  an  article  and  a  lot  of  speeches  that  Dr.  Digby  out  at 
Cal  Tech  has  been  making.  He  said  that  this  started  25  years  ago. 
One  wonders  why  we  haven't  caught  up  to  it. 

Dr.  Lane,  a  few  years  back  NSF  was  criticized  for  its  propensity 
to  predict  the  need  for  additional  Ph.D.s  in  many  fields,  including 
physics,  and  that  seems  to  have  been  a  slight  exaggeration  of  the 
situation  and  subjected  the  Foundation  to  some  criticism. 

Do  you  think  that  that  situation  has  been  remedied,  that  your 
projections  are  now  fully  cognizant  of  the  complexity  of  the  situa- 
tion and  that  you  are  not  overpredicting  the  need  for  Ph.D.s  in  any 
field? 

Dr.  Lane.  Mr.  Brown,  the  paper  that  you  are  referring  to,  I  be- 
lieve, stated  that  the  demographic  shifts  suggested  as  a  result  of 
the  baby  bust,  fewer  young  people  would  be  available  for  careers 
in  science  and  engineering  than  in  prior  years. 

But  it  went  on  to  project  the  Ph.D.  replacement  needs  would  dou- 
ble between  the  years  1988  and  2006.  Based  on  a  number  of  as- 
sumptions, these  data  were  pretty  widely  interpreted  as  predictions 
of  a  shortage,  while  there  was  really  no  basis  to  predict  a  shortage. 
And  cert£iinly  we  don't  at  this  point  feel  we  have  a  basis  for  project- 
ing the  demand  side. 

I  tlunk  we  can  continue  to  do  the  kind  of  analysis  that  we  have 
and  try  to  give  all  of  the  agencies  and  the  Congress  the  information 
about  how  many  people  we  think  will  be  coming  out  of  the  pipeline. 
But  we  don't  make  any  effort  to  predict  demand. 

Mr.  Brown.  I  think  that  is  a  sound  policy,  and  of  course  the  solu- 
tions that  are  being  suggested  here  by  the  report  before  us  as  well 
as  what  you  have  indicated  would  be  applicable  under  a  number 
of  different  conditions.  It  is  appropriate  to  do  some  of  these  things, 
regardless,  and  I  commend  you  for  the  progress  that  has  been 
made  in  that  direction. 

I  will  yield  back  the  balance  of  my  time. 

Mr.  SCHIFF.  Thank  you,  Mr.  Brown. 

The  Subcommittee  will  stand  in  recess  pending  the  vote. 

I  would  ask  the  members  to  return  as  quickly  as  they  can  so  we 
can  resume  the  hearing. 

We  will  recess  for  about  ten  minutes. 

[Recess.] 

Mr.  SCHIFF.  I  would  like  to  reconvene  the  Subcommittee,  please. 

I  would  like  the  witnesses  to  return  to  the  witness  table. 

I  would  like  to  now  recognize  Mr.  Bartlett  for  questions. 

Mr.  Bartlett.  Thank  you  very  much. 
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I  just  wanted  to  set  the  record  straight.  When  I  spoke  of  slave 
labor,  I  want  the  record  to  be  very  clear  that  I  did  that  with  respect 
and  admiration.  I  have  been  there. 

Dr.  Lane  mentioned  the  problem  that  we  sometimes  have  in  get- 
ting graduate  students  to  complete  their  degree,  and  I  think  those 
who  haven't  been  down  that  road  don't  understand  the  problem 
there,  and  those  who  haven't  been  there  don't  understand  the  satis- 
faction and  fulfillment  that  one  gets  in  the  search  for  knowledge. 

I  think  that  when  a  graduate  student  is  having  a  lot  of  success 
and  satisfaction  and  fulfillment,  there  is  a  tendency  to  continue 
that  very  fulfilhng  experience.  You  know,  I  understand  that,  and 
that  is  one  of  the  reasons,  you  know,  if  the  longer  time  to  Ph.D. 
is  that  reason,  that's  not  a  bad  one  because  it's  a  very  fulfilling, 
rewarding  experience,  and  having  worked  in  every  segment,  I 
think,  of  the  research  R&D  community,  a  big  part  of  our  new 
knowledge  comes  fi*om  institutions  where  these  graduate  students 
study. 

I  just  want  to  make  it  very  clear  that  I  did  that  with  respect  and 
admiration. 

Dr.  Lane,  in  your  presentation  there  was  a  sentence,  and  I  am 
going  to  read  it,  **Why  has  a  society  so  broadly  based  in  science  and 
technology  managed  to  define  so  narrowly  the  role  of  responsibility 
of  scientists  and  engineers  within  its  midst?" 

I  had  a  very  interesting  personal  experience  with  that.  I  worked 
for  one  of  the  really  great  employers  of  our  country,  IBM,  for  nearly 
eight  years.  The  thing  got  straightened  out  after  a  while,  but  when 
I  went  there,  it  was  kind  of  as  if  they  perceived  that  the  mind  was 
a  vessel  of  limited  size  that  if  you  filled  it  up  with  a  lot  of  detailed, 
focused  information,  that  there  wasn't  enough  room  left  for  com- 
mon sense  for  managerial  skills,  for  entrepreneurialship. 

So,  in  effect,  it  was  almost  as  though  they  needed  to  provide  you 
with  a  guide  to  find  your  way  to  the  bathroom  because  if  you  were 
an  accomplished  scientist,  surely  you  could  do  Kttle  else.  I  gather 
that  was  the  kind  of  problem  that  you  were  focused  on. 

Is  that  getting  better? 

Dr.  Lane.  Mr.  Bartlett,  I  really  appreciate  your  comments.  I 
don't  know  if  it's  getting  better.  That  is  why  I  wanted  to  emphasize 
the  point  because  I  think  it  is  so  important. 

The  way  we  will  get  a  wider  understanding  of  what  this  experi- 
ence is  like,  the  Ph.D.  experience,  which  I  view  as  probably  the 
most  extraordinary  period  of  development  in  a  professional  sci- 
entist's or  engineer's  life,  is  a  relatively  short  fi*action  of  the  profes- 
sional lifetime.  It  is  a  time  where — I  don't  know  if  you  like  the  tree 
model — you  are  building  a  whole  trunk  and  the  first  few  branches 
of  that  tree.  It  is  an  incredibly  fulfilling  experience,  but  it  is  very 
hard,  if  you  haven't  lived  through  it,  to  know  what  we  are  talking 
about. 

So  I  think  that  we  must  do  a  much  better  job  of  helping  people 
understand  the  nature  of  that  experience  but  also  the  extraor- 
dinary resource  that  is  now  available  to  the  larger  society  at  the 
end  of  that  experience. 

So,  the  myth,  I  think,  is  that  it  is  a  narrowing  tunnel  somehow 
that  the  student  barely  trickles  out  the  end,  unable  to  do  anything 
because  they  are  so  narrowly  focused.  It  is  really  quite  the  other 
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way  around.  Often  the  student  doesn't  understand  his  or  her  capa- 
bihty  to  do  so  many  different  kinds  of  things,  and  society  at  large 
certainly  does  not  understand  that.  So  we  have  a  real  job  to  do. 

Mr.  Bartlett.  I  hope  that  that  gets  better  understood  because 
I  think  that  the  experience  of  working  and  being  awarded  a  Ph.D. 
prepares  one  for  a  great  deal  more  than  just  teaching  or  research, 
the  initiative,  the  (fiive  that  you  need.  In  fact,  there  is  a  dream  I 
understand  that  only  Ph.D.  candidates  have,  and  that  is  the  dream 
that  it  is  late  in  the  semester  and  that  you  have  forgotten  to  go 
to  a  course. 

You  are  shaking  your  head.  You  have  had  the  dream? 

[Laughter.] 

Mr.  Bartlett.  I  had  a  psychologist  friend  who  told  me  he  had 
done  a  survey,  and  only  Ph.D.  candidates  had  that.  You  realize  it's 
too  late  to  catch  up  on  the  material  and  it  is  past  the  drop  date 
and  you  have  had  it  for  that  course. 

Some  of  you  are  shaking  your  heads.  It  is  really  both  a  very 
stressful  and  a  rewarding  experience. 

Dr.  Varmus,  I  worked  at  NIH  for  three  yesirs,  and  I  was  the 
happy  recipient  of  NIH  grants,  and  later  on  some  contracts  from 
NIH,  and  you  have  a  very  admirable  system  of  peer  review. 

But  that  nothing  is  perfect,  and  one  of  the  problems  years  ago, 
and  I  just  wanted  to  ask  you  is  it  still  a  problem  with  this  peer 
review  system,  is  that  we  have  some  centers  that  really  are  pre- 
eminent. I  was  in  the  respiratory  area,  and  there  were  several  dif- 
ferent centers  that  were  preeminent,  and  the  people  that  graduated 
from  there  went  on  to  become  part  of  the  peer  review  committees. 

So  there  was  the  perception  that  in  this  kind  of  environment,  in 
spite  of  the  best  intentions,  that  the  rich  got  richer  and  the  poor 
got  poorer  because  those  who  had  turned  out  good  graduates,  their 
graduates  ended  up  on  the  peer  review  committees,  they  really  re- 
spected those  who  submitted  grants  from  their  alma  matters,  and 
with  all  of  the  best  intentions,  there  still  was  kind  of  a  tendency 
for  the  rich  to  get  richer  and  the  poor  to  get  poorer. 

Do  we  have  a  mechanism  for  making  sure  that  we  have  a  really 
broadly  focused  evaluation  of  these  applications? 

Dr.  Varmus.  We  pay  a  great  deal  of  attention  to  the  composition 
of  our  peer  review  groups.  They  are  balanced  with  respect  to  m£iny 
criteria:  age,  gender,  the  part  of  the  country  they  come  from,  the 
discipline. 

There  is,  of  course,  inevitably  criticism  because  many  of  our 
grant  applicants  are  not  successful,  £ind  one  of  the  ways  that  one 
complains  about  the  lack  of  success  is  to  say  it's  either  an  old-boys' 
network  or  "I  don't  recognize  the  names  of  anybody  on  the  commit- 
tee." 

So,  it  can  work  both  ways.  We  need  to  have  people  on  the  com- 
mittee who  have  demonstrated  excellence,  and  one  way  to  dem- 
onstrate excellence  is  the  peer  review  panel  member  has  already 
shown  his  ability  to  win  the  esteem  of  his  peers  by  obtaining  a 
grant  through  the  system. 

Most  of  our  evaluators  have  been  successful  in  the  peer  process. 
We  don't  believe,  through  the  close  examination  we  have  made  of 
our  panels,  that  they  represent  an  in-group  or  simply  an  old-boys' 
network. 
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Mr.  Bartlett.  I  just  want  to  make  one  comment.  Thank  you 
very  much.  And  that  is  that  we  are  pretty  lucky  in  the  area  that 
you  all  are  here  representing  the  area  that  this  Committee  rep- 
resents, and  that  is  in  a  shrinking  budget  environment  there  is  a 
major  focus  of  this  committee  on  basic  research  and  the  core  mis- 
sions of  the  institutions  that  it  is  our  privilege  to  represent  here. 

I  am  pleased  that  the  budget  is  up  on  several  of  these  areas,  in 
spite  of  an  overall  shrinking  budget. 

Thank  you  very  much. 

Thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  Thank  you,  Mr.  Bartlett. 

Ms.  Lofgren? 

Ms.  Lofgren.  Thank  you,  Mr.  Chairman. 

I  would  just  note  for  Mr.  Bartlett's  comment  that  even  those  who 
are  not  pursuing  Ph.D.s  in  science  have  the  dream  where  you  wake 
up,  you  have  forgotten  that  you  were  in  the  course  and  you  further 
have  forgotten  the  classroom  where  the  test  is  being  given.  I  can 
recall  that  very  well  from  my  undergraduate  days. 

You  know,  I  was  thinking  about  where  we  need  to  go  as  a  coun- 
try, and  I  am  really  referencing  my  questions  to  the  prior  panel. 
You  recall  last  year  or  the  year  before  last,  actually,  our  coimty, 
Santa  Clara  County,  did  a  strategic  plan  for  the  future.  One  of  the 
volunteers  who  helped  us  quoted  Wayne  Gretzky.  He  said  strategic 
planning  is  skating  to  where  the  puck  is  going  to  be.  And  we  are 
talking  today  about  a  problem  in  employment  of  Ph.D.s,  but  we 
also  need  to  look  ahead  to  where  the  puck  is  going  to  be  in  15 
years. 

I  think  that  is  a  complex  mix  of,  I  am  sure,  more  than  I  know, 
but  the  role  of  foreign  students  is  in  that  mix,  the  role  of  remu- 
neration for  those  who  go  into  science  and  engineering  is  in  that 
mix.  And  I  also  think  our  ability  to  attract  non-white  men — I  don't 
want  again  to  fight — is  also  in  that  mix. 

Caucasian  boys  are  like  20  percent  of  the  fifth  grade  class  in 
Santa  Clara  County,  and  if  we  look  ahead  15  years  to  where  are 
we  going  to  get  the  rocket  scientists  of  the  future,  we  have  to  look 
at  the  fifth  grade  and  see  that  most  of  the  fifth-graders  are  women 
and  ethnic  minorities,  and  we  have  not  done  as  good  a  job  in  this 
country  of  attracting  them  to  those  fields. 

I  am  wondering,  the  thing  about,  for  example,  Singapore,  that  20 
years  ago  had  piecework  as  an  employment  base  and  went  forward 
with  the  intent  to  be  prosperous  based  on  a  knowledge-based  econ- 
omy, and  succeeded.  What  we  might  do,  thinking  strategically,  and 
whether  your  agencies  would  lead  in  this,  to  map  out  a  plan,  a 
multifaceted  plan  that  could  help  us  be  successful  in  15  years  by 
maintaining  really  top-flight  science  and  engineering,  not  just 
grants  but  looking  at  remuneration  for  scientists. 

Should  we  take  a  look  at  the  role  of  patent  law,  what  kind  of  re- 
muneration goes  to  graduate  students? 

And  I  have  a  concern,  if  you  go  into  Silicon  Valley,  you  will  find 
in  terms  of  the  creative  minds  in  those  industries,  a  U.N.  That  is 
wonderful.  I  sun  not  concerned  about  that.  But  increasingly,  and 
this  is  just  the  beginning,  it  may  not  reflect  a  trend,  some  of  the 
really  top-notch  scientists  from  India  are  starting  to  go  home.  Some 
of  the  top-notch  scientists  from  Taiwan  are  starting  to  go  home. 
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Now,  if  that  happens,  and  we  are  not  nurturing  our  fifth  grade 
today,  where  are  we  as  a  country?  Maybe  we  should  take  a  look 
at  what  requirements  we  put  on  foreign  students  instead  of  requir- 
ing them  to  go  home,  requiring  them  to  become  U.S.  citizens. 

I  am  just  sort  of  wondering  what  your  thoughts  are.  Should  we 
approach  a  strategic  plan  in  this  way?  Who  would  be  the  right 
group  of  people,  not  just  in  government,  to  engage  in  that  t3TDe  of 
activity? 

Dr.  Varmus.  You  are  raising  a  lot  of  issues  here.  With  respect 
to  attracting  better  people  into  science,  an  issue  about  which  both 
Neal  Lane  and  I  feel  very  strongly,  our  agencies  and  our  agencies 
in  collaboration  with  other  government  people,  people  from  univer- 
sities and  other  arenas,  have  been  engaged  in  ways  to  try  to  im- 
prove and  interest  young  people  in  science. 

The  Office  of  Science  and  Technology  Planning  is  going  to  have 
a  workshop  on  science  education  in  the  next  few  weeks  in  which 
some  of  these  issues  will  be  aired,  and  the  National  Academy  of 
Sciences  has  been  very  interested  in  trying  to  change  the  curricu- 
lum in  science. 

In  my  own  area  of  biology,  there  are  new  standards  for  the  teach- 
ing of  science  in  schools,  and  all  these  are  directed  toward  broad 
recruitment  of  minorities  and  women  into  scientific  occupations. 

Dr.  Lane.  I  wish  I  had  the  answer,  Ms.  Lofgren,  to  the  question 
about  how  to  get  at  the  strategic  issue.  I  have  a  view  on  it  that 
it  is  going  to  require  a  kind  of  partnership  between  government, 
universities,  business,  and  industry  that  we  haven't  had  before,  a 
qualitatively  improved,  strengthened  interaction  in  thinking  about 
the  future  that  we  have  not  seen  in  the  past. 

I  still  see  divisions  where  there  really  ought  to  be  hard  work  and 
cooperation  with  one  another  if  we  are  going  to  have  a  strategy. 

NSF,  as  you  know,  invests  $600  million  or  more  in  education, 
science,  mathematics,  engineering  education,  and  a  substantial 
part  of  that  in  K-12  education.  We  have  been  given  the  responsibil- 
ity to  do  that,  and  it  is  a  role  that  we  very  much  appreciate  having 
and  continue  to  emphasize. 

We  believe  that  that  is  where  we  have  to  start.  We  have  to  edu- 
cate young  people  fi'om  all  communities,  all  backgrounds,  to  the  ex- 
citement and  the  potential  value  to  their  own  lives  of  education  in 
science  and  mathematics. 

It  is  something  we  feel  strongly  about,  and  the  way  we  go  about 
it  is  to  work  with  institutions,  states,  cities,  universities,  K  through 
12  systems  on  experiments.  When  something  works  or  when  some- 
thing doesn't  work,  spread  that  information  more  broadly  and  try 
to  leverage  this  relatively  small  percentage  of  the  overall  invest- 
ment in  that  area. 

Finally,  if  I  could,  Mr.  Chairman,  just  add  a  comment  on  the  for- 
eign student  issue.  At  a  time  when  we  are  having  job  problems, 
which  we  certainly  are  right  now  in  many  fields  of  science  at  the 
Ph.D.  level,  it  gets  even  harder  to  convince  members  of 
underrepresented  communities  to  look  more  favorably  on  science 
and  engineering,  the  Ph.D.  route  in  particular,  than  some  of  other 
fields.  But  it  is  probably  even  more  important  that  we  find  a  way 
to  do  that. 
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If  our  system  had  not  been  so  strong  over  the  last  20  years,  if 
we  had  not  been  able  to  attract  here  the  students  from  India  and 
from  China  and  from  other  parts  of  the  world,  think  how  much 
knowledge  this  Nation  would  have  lost,  think  what  the  cost  to  this 
Nation  would  have  been  of  not  bringing  in  those  students. 

It  was  a  very  wise  move,  in  my  view,  to  do  it.  But  in  the  short 
term,  it  has  created  a  complex  set  of  reactions  because  if  you  don't 
have  a  job,  the  unemplojrment  is  100  percent.  And  so  one  can  un- 
derstand the  disappointment  and  unhappiness  of  our  young  people 
right  now. 

But  there  is  real  value  to  the  country  and  has  been  and  contin- 
ues to  be  in  having  these  outstanding  young  people  come,  and,  yes, 
we  expected  that  they  would  go  back  and  that  would  be  good  for 
our  relationship  with  other  countries  because  often  they  become 
leaders  in  the  other  countries.  That  is  a  valuable  benefit  far  broad- 
er than  science  and  technology,  but  there  will  be  a  loss  to  the  Na- 
tion. 

Ms.  LOFGREN.  I  don't  know  if  my  time  is  up,  Mr.  Chairman. 

Mr.  SCHIFF.  The  lady  is  recognized  another  two  minutes. 

Ms.  LoFGREN.  Thank  you. 

My  comments  about  the  foreign  Ph.D.  and  postdoctoral  students 
in  industry  is  not  meant  to  be  critical  because  I  do  think  industry 
tends  to  hire  who  they  need  to  be  successful.  That  is  the  nature 
of  the  market.  And  if  you  talk  to  CEOs  of  the  most  successful  com- 
panies in  Silicon  Valley,  they  basically  say  they  would  have  to 
move  were  they  not  able  to  hire  the  most  creative  person  for  which- 
ever job  it  is. 

I  just  wanted  to  clarify  that  my  comments  were  not  adverse  to 
that,  but  I  think  we  have  had  a  very  patronizing  attitude  toward 
the  other  countries  of  the  world.  I  mean,  frankly,  our  immigration 
system  is  such  that  we  require  people  to  return  even  when  they 
don't  want  to,  and  I  am  not  sure  we  need  to  nurture  our  economic 
competitors  in  that  way  in  today's  economic  environment. 

Mr.  SCHIFF.  Would  the  lady  yield  for  one  moment  on  that? 

I  wonder  particularly.  Dr.  Lane,  if  you  woxild  just  clarify  and  as 
Ms.  Lofgren  says,  it  is  not  a  matter  of  being  judgmental,  it  is  a 
matter  of  clarification,  what  has  been  our  goal  in  attracting  so 
many  foreign  graduate  students? 

Is  the  object  to  increase  our  own  eventual  pool  of  practicing  pro- 
fessionals here  in  this  country?  Or  has  the  object  been  to  help  edu- 
cate professionals  in  other  countries  with  the  objective  they  will 
help  improve  their  own  countries  and  create  better  relations  with 
the  United  States? 

Dr.  Lane.  Mr.  Chairman,  I  am  not  sure  that  there  was  such  a 
well-defined  goal  established  in  the  past  that  then  somehow  led  to 
this  increase  in  students  coming.  The  facts  are  that  there  was  sub- 
stantial growth  in  research  funding  in  universities.  Key  to  carrying 
out  that  research,  obtaining  the  new  knowledge  and  technologies 
that  are  good  for  the  Nation,  was  having  the  key  personnel  in- 
volved in  the  process.  And  in  universities,  what  it  is  all  about  is 
an  integration  of  research  and  education,  undergraduates,  yes,  but 
also  graduate  education  in  ways  that  Mr.  Bartlett  and  I  exchanged 
views  on  earlier. 
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So  I  believe  that  it  largely  was  a  fact  that  the  traditional  cohort 
in  the  United  States  decided  to  do  other  things  with  their  lives 
than  science  and  engineering  at  the  Ph.D.  level,  and  therefore 
there  was  the  availability  of  positions  here  in  our  graduate  schools 
for  students  from  other  countries,  rather  than  there  being  a  well- 
defined  strategy. 

Dr.  Varmus.  Let  me  comment  just  briefly  on  the  perception  in 
the  biomedical  field  where  there  still  is  a  very  strong  interest  on 
the  part  of  American  youth  to  enter  the  field.  We  see  a  substantial 
number  of  foreign  students  in  our  programs  as  evidence  for  the 
leading  role  that  our  programs  have  in  science  internationally. 

It  is  a  very  healthy  sign  that  students  fi*om  all  over  the  world 
want  to  come  to  the  U.S.  to  obtain  training  in  biomedical  research, 
and  we  are  very  grateful  for  receiving  fi-om  other  countries  in  the 
world  some  of  the  very  finest  students  and  have  them  here  for 
training  because  they  return.  We  have  had  them  during  the  very 
productive  training  process,  and  they  strengthen  the  international 
aspects  of  science,  which  we  are  very  concerned,  and  if  they  stay 
they  often  become  very  important  components  of  our  scientific  es- 
tablishment. 

Mr.  SCHIFF.  If  the  lady  will  continue  to  yield  another  moment, 
what  Dr.  Lane  was  referring  to,  for  whatever  reason,  a  certain  lack 
of  numbers  of  students  appl5ring  to  be  graduate  students  in  an  era 
when  there  were  slots  for  those  graduate  students.  To  the  best  of 
my  knowledge,  it  is  extremely  difficult  for  American  students  to  get 
into  medical  school  now.  So,  if  that  is  a  correct  presumption,  then 
what  would  be — I  mean  I  agree  with  you  we  are  flattered  to  have 
international  interest  in  our  medical  schools,  but  if  American  stu- 
dents can't  get  in,  what  would  be  the  justification  for  bringing  in 
non-American  students? 

Dr.  Varmus.  When  I  talk  about  biomedical  research,  I  am  talk- 
ing largely  about  students  who  are  in  Ph.D.  programs.  Often,  in 
medical  schools,  not  always,  but  often  our  medical  school  classes 
are  still  virtually  all  U.S.  citizens. 

Mr.  SCHIFF.  I  am  sorry,  I  didn't  understand  that  distinction. 
Thank  you  for  clarifying  that. 

Ms.  LOFGREN.  Mr.  Chairman,  if  I  just  may  briefly,  and  I  would 
love  to  have  an  opportunity,  I  realize  our  time  is  limited  here  to 
discuss  this  further  and  receive  further  comments,  but,  for  exam- 
ple, the  J2  visa  that  requires  exchange  students  to  return  for  at 
least  two  years  to  their  native  country,  these  tend  to  be  the  very 
brightest  yoiuig  people  in  a  foreign  nation  whom  anybody  would 
want  to  attract.  And  yet  after  we  train  them  and  they  might  want 
to  stay,  and  many  of  them  do,  we  require  them  to  leave. 

I  guess  the  question  I  am  asking  is  if  we  are  going  to  be  competi- 
tive in  a  global  environment,  shouldn't  we  take  a  look  at  every  as- 
pect of  what  we  are  doing  and  make  sure  that  it  advantages  our 
country  rather  than  an  economic  competitor? 

Mr.  SCHIFF.  If  the  lady  will  yield  one  more  moment,  I  want  to 
say  I  completely  agree.  I  am  not  at  this  point  trying  to  say  what 
our  own  national  policy  should  be. 

Ms.  LOFGREN.  Nor  am  I. 

Mr.  SCHIFF.  I  can  see  justification  for  sa5dng  we  need  more  pro- 
fessionals here  and  I  can  see  justification  for  sa3dng  that  we  would 
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like  to  see  more  U.S.-educated  professionals,  but  it  would  seem  to 
me  that  we  ought  to  know  what  we  are  doing. 

Ms.  LOFGREN.  There  ought  to  be  a  definition  and  a  strategic  plan 
on  what  we  are  trying  to  accomplish  here,  and  that  is  really  what 
my  original  question  is.  All  of  us  care  about  it.  None  of  us  has  the 
answer,  but  it  seems  to  me  important  that  we  put  together  a 
multifaceted,  long-range  think  plan  on  how  we  are  going  to  get  to 
where  we  need  to  be  in  the  15  or  20  years  from  now. 

Mr.  Bartlett.  If  the  lady  will  yield  for  just  a  moment,  I  think 
there  may  be  another  dimension  here.  It  was  my  privilege  this 
spring  to  give  the  commencement  address  at  two  of  our  high 
schools  in  a  really  very  rural  district.  Only  two  high  schools  in  that 
whole  district,  in  that  whole  county.  Southern  High  had  200  stu- 
dents in  it.  One  of  them  was  a  minority,  only  one,  an  Asian  Amer- 
ican student.  She  was  the  valedictorian. 

I  then  went  that  afternoon  to  give  the  commencement  address  at 
Northern  High,  150  students  there.  Only  one  minority  student 
there.  Again,  an  Asian  girl.  She  was  the  valedictorian. 

I  think  there  is  another  dimension  here,  and  that  is  that  these 
students,  these  families,  I  think  it  is  more  than  the  students,  these 
families  understand  the  importance  of  education  and  have  a  focus 
in  that  direction. 

So  I  think  that  is  another  reason  that  we  have  such  a  large  per- 
centage of  these  very  talented  young  people  in  these  programs. 

Ms.  LOFGREN.  Thank  you,  Mr.  Chairman. 

Mr.  SCHIFF.  I  want  to  thank  the  witnesses  again. 

I  have  one  request  of  the  witnesses,  if  they  would.  We  now  have 
the  report  from  the  National  Academy  of  Sciences,  which  has  been 
the  subject  of  this  hearing.  We  have  you  as  representatives  of  the 
agencies  that  in  one  way  or  another  are  largely  addressed  in  the 
issues  that  are  presented  in  that  report.  I  would  be  grateful  if,  say 
in  the  next  90  days,  each  of  you  on  behalf  of  your  agencies  or  some- 
one you  designate  from  your  agencies  would  send  a  letter  to  me 
and  to  Mr.  Geren  saying  that  this  is  what  we  are  going  to  imple- 
ment of  the  report  and  this  is  how  we  are  going  to  do  it. 

I  am  not  presuming  to  dictate  what  portion  of  the  report,  if  any, 
you  want  to  implement.  I  think  you  are  in  the  process  of  reviewing 
it  now.  But  I  would  like  to  be  apprised  of  what  exact  use  your 
agencies  make  of  this  report.  If  you  need  more  time  than  that  sug- 
gested 90  days,  I  would  be  pleased  to  extend  it. 

Mr.  Brown.  Mr.  Chairman? 

Mr.  SCHIFF.  Mr.  Brown? 

Mr.  Brown.  May  I  be  recognized  for  just  one  final  brief  com- 
ment? 

Mr.  SCHIFF.  Yes,  sir. 

Mr.  Brown.  I  concur  with  what  the  Chairman  has  suggested, 
and  I  want  to  commend  him  again  for  opening  the  subject  up  to 
the  light.  I  am  still  somewhat  disturbed,  amongst  all  the  positive 
things  that  we  have  learned.  We  still  have  a  paucity  of  information 
about  the  exact  condition  of  this  great  system  of  scientific  edu- 
cation, which  involves  training  a  lot  of  Ph.D.s  and  putting  them  out 
into  the  world  as  postdocs.  We  don't  know  what  is  happening  pre- 
cisely in  terms  of  the  lengthening  period  of  postdocs,  the  remunera- 


78 

tion  of  postdocs.  We  may  hear  from  the  next  panel  a  httle  bit  more 
about  that. 

But  I  have  a  sneaking  suspicion  that  the  science  estabhshment 
benefits  from  this  and  may  close  their  eyes  to  some  of  these  condi- 
tions. And  both  of  you  gentlemen  are  true  statesmen  of  science.  I 
think  you  can  overcome  any  bias  that  the  institutions  might  have 
because  you  like  a  big  supply  of  cheap  labor  to  do  research  in  uni- 
versities and  reach  a  better  understanding  of  what  the  equities  are 
and  what  the  big  system  requires. 

We  need  to  look  at  a  larger  system  than  just  this  university  re- 
search system  which  is  the  center  of  this  problem  and  see  what  we 
can  come  to,  looking  at  the  larger  system  including  the  global  sys- 
tem. 

There  are  many  good  things  about  what  we  do.  Many  of  these 
foreign  postdocs  go  back  and  become  esteemed  professors.  The  new 
university  in  Hong  Kong  is  using  a  lot  of  these  people,  for  example, 
who  were  trained  in  the  United  States. 

But  I  don't  want  us  to  overlook  a  good,  factual  review  of  just 
what  is  happening  here,  and  see  if  we  can't  get  to  the  heart  of  the 
problem  a  little  bit  better  than  we  have  been. 

Dr.  Varmus.  Mr.  Chairman,  in  my  own  field  of  biomedical  re- 
search, the  postdoctoral  training  program  is  a  very  important  com- 
ponent of  our  training.  The  report  that  we  are  considering  today, 
of  course,  is  addressed  only  to  predoctoral  graduate  education. 

But  I  agree  entirely  with  Mr.  Brown's  remarks  that  a  thorough 
review  of  our  training  programs  needs  to  include  perspective  on  the 
postdoctoral  component  as  well. 

Dr.  Lane.  I  also  agree,  and,  Mr.  Chairman,  we  will  respond  to 
your  request  and  continue  to  provide  information  to  the  Committee 
on  the  points  that  you  have  made  and  Mr.  Brown  has  just  made. 

Mr.  Geren.  Mr.  Chairman? 

Mr.  SCHIFF.  Mr.  Geren? 

Mr.  Geren.  In  the  letter  that  the  Chairman  has  asked  you  all 
to  prepare,  I  would  ask  that  you  also  include  a  comment  on  the  rec- 
ommendation on  the  NAS  report  regarding  tracking  career  paths  of 
Ph.D.s  and  the  recommendation  that  perhaps  we  track  them  for 
ten  years,  Ph.D.s  generally. 

But  I  would  be  more  interested  in  trying  to  judge  what  we  are 
doing  and  track  those  that  you  all  had  made  an  investment  in  of 
some  sort  and  see  where  they  are  going,  if  there  would  be  some 
way  to  break  out  those  two  categories  of  Ph.D.s.  in  general  and 
Ph.D.s  in  which  the  Federal  Government  has  made  some  sort  of  di- 
rect investment.  That  would  be  helpful  to  the  Committee.  I  want 
again  to  thank  both  of  you  for  your  testimony.  Dr.  Lane,  this 
weather  here  probably  makes  you  wish  you  were  back  in  the  brisk, 
cool  Houston. 

[Laughter.] 

Dr.  Lane.  Mr.  Geren,  as  nice  as  the  people  are  here,  I  am  still 
feeling  pretty  good  about  the  Virginia  climate. 

Mr.  Geren.  Thank  you  again. 

Mr.  SCHIFF.  Thank  you,  gentlemen,  very  much. 

I  would  like  now  to  thank  you  and  call  up  our  next  panel. 

Our  next  panel  is  Dr.  Joseph  Miller,  Senior  Vice  President  of 
Central  Research  and  Development  at  the  Dupont  Company  in  Wil- 
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mington,  Delaware;  Dr.  Ned  Heindel,  Department  of  Chemistry  at 
Lehigh  University,  and  past  President  of  the  American  Chemical 
Society;  Dr.  George  Walker,  Chair  of  the  Council  of  Graduate 
Schools,  Vice  President  for  Research  and  Dean  of  the  Graduate 
School  at  Indiana  University;  and  Dr.  Mark  Wrighton,  Chancellor 
of  Washington  University  and  a  former  provost  of  the  Massachu- 
setts Institute  of  Technology;  and  Dr.  Kevin  Aylesworth,  founder  of 
the  Young  Scientists  Network,  Gaithersburg,  Maryland. 

Gentlemen,  before  you  begin,  I  have  to  say  that  our  previous  wit- 
nesses are  accustomed  to  this,  and  if  you  have  testified  before  Con- 
gress before,  you  would  be  also,  to  the  comings  and  goings  of  Mem- 
bers of  Congress. 

I  want  to  assure  you  that  no  disrespect  or  disinterest  is  associ- 
ated with  that.  But  we  have  a  number  of  things  happening  at  the 
same  moment.  The  reason  a  record  is  being  made  of  this  hearing 
is  so  that  in  due  course  it  will  be  transcribed  and  made  available 
to  all  Members  of  Congress. 

I  say  that  because  I  am  now  at  the  point  where  I  have  to  excuse 
myself  to  take  care  of  certain  other  matters  that  are  pending  at 
this  time,  and  I  am  going  to  ask  the  full  Committee  Vice  Chair- 
man, Mr.  Ehlers,  to  take  over  the  chair  for  me. 

I  want  to  say  that  while  we  are  doing  that,  without  objection,  all 
of  your  written  statements  will  be  made  part  of  the  record  and  that 
you  are  free  to  begin  and  to  summarize  as  you  see  fit. 

I  will  just  begin  on  my  left  with  Dr.  Aylesworth,  if  you  would. 

STATEMENT  OF  DR.  KEVIN  AYLESWORTH,  FOUNDER,  YOUNG 
SCIENTISTS  NETWORK,  GAITHERSBURG,  MARYLAND 

Dr.  Aylesworth.  Thank  you  very  much.  I  just  noticed  that  all 
the  people  testifying  today  are  male,  and  if  you  have  any  questions 
of  some  female  scientists,  some  of  my  colleagues  in  the  audience 
would  be  more  than  happy  to  answer  your  questions. 

I  thank  the  Subcommittee  for  allowing  me  to  testify  on  this  criti- 
cal issue.  I  have  served  as  the  elected  representative  of  such  na- 
tional organizations  as  the  American  Physical  Society,  and  I  have 
experience  in  seeking  out  and  presenting  the  views  of  my  constitu- 
ents. This  testimony  is  a  distillation  of  ideas  garnered  over  the  last 
five  years  in  conversations  with  scientists  and  engineers  who  are 
not  tenured  or  who  are  pursuing  alternative  careers.  I  have  at- 
tempted to  accommodate  as  many  views  as  possible,  and  I  am  par- 
ticularly indebted  to  life  scientists  Dr.  Eliene  Augenbraun  and  Dr. 
Mary  Jane  Finley  Austin  for  their  extensive  input  and  intensive  re- 
view of  this  testimony. 

The  views  expressed  here  are  not  the  official  views  of  any  organi- 
zations with  which  I  am  affiliated. 

It  is  apparent  there  have  been  significant  policy  shifts  with  re- 
gard to  federally  funded  research  without  requisite  discussion 
about  where  we  want  to  go. 

During  the  post- World  War  II  era,  the  products  of  universities 
were  understood  to  be  basic  research  and  a  domestic  supply  of  sci- 
entists and  engineers.  About  25  years  ago,  U.S.  citizens,  responding 
rationsilly  to  market  signals,  fled  graduate  schools  and  were  re- 
placed by  foreign  students  without  much  discussion. 
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One  aspect  of  the  silent  policy  shift  is  that  graduate  students 
now  tend  to  be  viewed  as  an  inexpensive,  disposable  labor  pool  for 
the  university-based  research  enterprise,  rather  than  one  of  its 
principal  products.  It  is  time  for  all  participants  in  the  system,  in- 
cluding graduate  students,  postdocs,  other  temporary  workers,  and 
scientists  and  engineers  in  nontraditional  roles  to  discuss  what  oxir 
policy  should  be. 

Moreover,  it  is  not  enough  to  merely  listen  to  these  currently 
disenfranchised  groups.  They  must  become  part  of  the  power  struc- 
ture in  science.  Once  the  new  policies  are  determined,  they  must 
be  stated  clearly. 

In  order  for  these  policy  discussions  to  progress,  we  need  to  know 
the  state  of  the  system.  This  is  hampered  by  severe  lack  of  timely 
and  relevant  data.  One  must  wonder  why  funding  agencies  which 
are  responsible  for  keeping  track  of  these  issues  have  ignored  these 
gaps. 

Sadly,  the  National  Science  Foundation  has  a  history  of  mis- 
representing supply/demand  data.  See  the  record  of  an  April  8, 
1992,  hearing  which  details  the  dubious  origins  of  the  now-discred- 
ited scientist  shortfall  stories  circulated  by  the  NSF  in  the  mid- 
1980's  to  the  1990's. 

Some  data  problems  persisted  even  after  this  hearing.  The  1993 
edition  of  Science  and  Engineering  Indicators  was  marred  by  seri- 
ous errors,  distortions  of  fact,  and  omissions.  To  Dr.  Lane's  credit, 
he  inherited  much  of  the  data  problem  from  his  predecessors,  and 
he  has  talked  openly  and  honestly  about  the  job  situation. 

However,  it  remains  to  be  seen  if  this  concern  is  being  translated 
into  proper  data  taking,  analysis,  interpretation,  and  policy  coordi- 
nation. 

Maintaining  a  diversely  trained  domestic  supply  of  scientists  and 
engineers  that  reflects  the  gender  and  ethnic  composition  of  the 
United  States  is  still  in  the  best  interest  of  the  country.  The  pool 
of  graduate  students  should  be  allowed  to  shrink  or  grow  in  re- 
sponse to  changes  in  the  demand  in  the  end-user  market.  Govern- 
ment-mandated numerical  caps  on  the  number  of  graduate  stu- 
dents should  not  be  imposed. 

The  system  can  be  made  more  responsive  to  the  external  market 
signals  by  shortening  the  time  to  degree  or,  better  still,  the  time 
to  first  employment  in  a  potentially  permanent  position. 

Although  universities  should  not  strictly  control  the  time  to  de- 
gree, there  should  be  limits  on  how  long  students  and  postdocs  can 
receive  Federal  funding.  This  time  limit  should  be  based  on  a  train- 
ing clock  that  can  be  stopped  for  reasons  like  parental  leave  or  ill- 
ness. 

In  addition,  graduate  students  are  too  often  tied  to  problems  cho- 
sen by  their  mentors.  In  order  to  increase  their  independence, 
funding  of  graduate  students  could  be  shifted  from  research  grants 
to  peer  review  institution-based  educational  grants  and  fellowships 
directly  to  the  students. 

Ph.D.  departments  should  be  required  to  track  students  for  at 
least  ten  years  after  they  receive  their  degrees.  However,  care  must 
be  taken  into  using  ultimate  career  outcomes  to  determine  funding 
levels  and  allocations.  Career  success  should  not  be  defined  as 
teaching  and  research  only  as  it  is  today. 
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It  is  in  the  best  interest  of  the  country  to  have  science-trained 
individuals  employed  ir  all  sectors  of  our  economy.  One  way  this 
can  be  accomplished  in  the  long  term  is  by  broadening  the  edu- 
cation of  scientists  and  engineers,  but  for  the  growing  postdoc  field, 
alternative  careers  is  little  more  than  a  buzzword  that  soothes  the 
establishment.  There  are  very  few  data  on  what  other  career  oppor- 
tunities exist  for  scientists  and  engineers  and  virtually  no  data  on 
how  they  move  from  the  traditional  job  market  to  other  careers, 
and  there  is  no  mechanism  to  ease  the  transition. 

Foreign  students  make  great  contributions  to  our  graduate  edu- 
cational system,  and  they  should  continue  to  have  access  to  our 
schools.  However,  the  issue  of  maintaining  a  balance  in  the  domes- 
tic market  for  scientists  and  engineers  should  take  precedence. 

There  are  many  possible  mechanisms  for  balancing  these  inter- 
ests. One  is  to  limit  the  number  of  foreign  students  to  some  percent 
of  the  total.  Another  mechanism  is  to  insist  that  other  countries  be 
as  open  to  our  students  and  workers  as  we  are  to  theirs. 

There  is  an  urgent  need  to  reassess  the  national  policy  on  grad- 
uate education  in  science  and  engineering.  The  challenge  is  to  fash- 
ion new  policies  for  exploring  the  endless  frontier  that  are  appro- 
priate for  an  era  of  Umited  Federal  resources.  This  will  require  the 
imaginative  input  from  and  the  cooperation  of  all  segments  of  the 
enterprise.  The  COSEPUP  report  is  a  good  first  step  in  that  proc- 
ess. 

[The  prepared  statement  of  Dr.  Aylesworth  follows:] 
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I  thank  the  Committee  for  allowing  me  to  present  my  testimony  on  this  critical  issue.  I  have 
served  as  elected  representative  in  various  organizations  and  have  experience  in  seeking  out  and 
presenting  the  views  of  my  constituents.  This  document  is  a  distillation  of  ideas  garnered  over  the 
last  five  years  from  conversations  with  scientists  and  engineers  who  are  not  tenured  or  who  are 
pursuing  'alternative'  careers.  I  have  attempted  to  accommodate  as  many  views  as  possible,  and 
am  particularly  indebted  to  Dr.  Eliene  Augenbraun  and  Dr.  Finley  Austin  for  their  extensive  input 
and  intensive  review  of  this  testimony.  The  views  expressed  here  are  not  the  official  views  of  any 
organization  with  which  I  am  affiliated. 


HISTORICAL  CONTEXT 

For  better  or  worse,  the  world  has  changed  dramatically  since  1945  and  the  social  contract 
embodied  in  Vannevar  Bush's  "Science:  The  Endless  Frontier"  has  expired.  If  one  looks  at  the 
history  of  federal  support  for  science  and  engineering,  it  quickly  becomes  apparent  that  there  have 
been  significant  policy  shifts  with  regard  to  federally  funded  research  without  the  requisite 
discussion  about  where  we  want  to  go. 

During  the  post-World  War  II  era,  the  products  of  universities  were  understood  to  be  basic 
research,  and  a  domestic  supply  of  scientists  and  engineers.  These  scientists  and  engineers  were 
supposed  to  be  trained  to  do  basic  research  and  produce  new  products  and  sen'ices  from  that 
research.  Moreover,  the  amount  of  research  that  could  be  done  was  limited  only  by  the  number  of 
researchers.  At  the  time  it  made  sense  to  construct  a  system  based  on  the  exponential  growth  of 
the  numbers  scientists  and  engineers    Of  course,  this  system  required  a  commensurate  growth  in 
funding. 

About  twenty-five  years  ago  the  money  that  the  U.S.  government  was  willing  and  able  to  spend 
on  research  started  to  level  off,  and  the  system  became  resource  limited.  But  the  mechanism 
producing  exponential  growth  in  the  number  of  researchers  remained.  When  U.S.  citizens 
responded  rationally  to  the  market  signals  and  fled  graduate  schools,  they  were  replaced  by 
foreign  students  in  an  attempt  to  keep  the  exponential  growth  going.  One  aspect  of  this  silent 
policy  shif\  is  that  graduate  students  now  tend  to  be  viewed  as  an  inexpensive  and  disposable 
labor  pool  for  the  university-based  research  enterprise,  rather  than  one  of  its  principal  products. 
Maintaining  the  domestic  supply  of  scientists  and  engineers,  and  transforming  the  fruits  of  basic 
research  to  meet  national  needs  generate  much  lip  service  —  but  not  much  serious  consideration. 

It  is  time  for  all  participants  in  the  system,  including  graduate  students,  postdocs,  other  temporary 
workers,  and  scientists  and  engineers  in  non-traditional  roles  to  discuss  what  our  policies  should 
be  in  light  of  changes  in  the  domestic  and  international  economies  and  constraints  on  federal 
spending    Once  these  policies  are  determined  they  must  be  stated  clearly.  For  instance,  if  it  is 
decided  that  the  policy  is  to  continue  to  link  the  number  of  graduate  students  to  the  needs  of  the 
university  research  establishment  for  inexpensive  labor,  then  the  graduate  students  need  to  be 
informed  from  the  beginning  that  their  presence  in  graduate  school  has  absolutely  nothing  to  do 
with  their  chances  of  obtaining  a  job  relevant  to  their  training. 
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THE  DATA  PROBLEM 

In  order  for  these  policy  discussions  to  progress  we  need  to  know  the  state  of  the  system  now. 
This  is  hampered  by  a  severe  iacic  of  timely  and  relevant  data,  as  is  recognized  in  the  COSEPUP 
report.  Many  of  these  gaps  are  at  least  a  decade  old.  For  instance,  almost  nothing  is  known  of 
the  ultimate  fate  of  postdocs,  or  whether  scientists  who  take  nontraditional  jobs  are  hired  in  spite 
of,  or  because  of,  their  education.  One  must  wonder  why  the  funding  agencies,  which  are 
responsible  for  keeping  track  of  the  these  issues,  have  ignored  these  gaps.  Perhaps  it  is  the 
apparent  conflict  of  interest  in  their  duties. 

The  National  Science  Foundation  (NSF)  has  a  history  of  misrepresenting  supply-demand  data: 
see  the  record  of  an  April  8,  1992  hearing  before  the  Subcommittee  on  Investigations  and 
Oversight  of  the  House  Committee  on  Science,  Space,  and  Technology,  "Projecting  Science  and 
Engineering  Personnel  Requirements  for  the  1990s:  How  Good  Are  the  Numbers?"  This  report 
details  the  dubious  origins  of  the  now-discredited  'scientist  shortfall'  stories  circulated  by  the  NSF 
from  the  mid  1980's  to  1990.  The  apparent  purpose  of  NSF's  stories  was  to  extract  more  money 
from  Congress.   Some  data  problems  persisted  even  afler  this  hearing.  In  the  1993  edition  of 
Science  and  Engineering  Indicators  (released  in  March,  1994),  the  discussion  of  the  current 
employment  situation  was  marred  by  serious  errors,  distortion  of  fact,  and  omissions  (see 
attachments  1  and  2).  To  Dr.  Lane's  credit,  he  inherited  much  of  the  data  problem  from  his 
predecessors,  and  he  has  talked  openly  and  honestly  about  the  job  situation.  In  addition,  NSF 
representatives  appear  at  meetings  devoted  to  the  issue.  However,  it  remains  to  be  seen  if  this 
concern  is  being  translated  into  proper  data  taking,  analysis  and  interpretation.  The  next  edition 
of  Indicators  will  tell. 


POLICY  RECOMMENDATIONS 

Maintaining  a  diversely  trained  domestic  supply  of  scientists  and  engineers  that  reflects  the  gender 
and  ethnic  composition  of  the  United  States  is  still  in  the  best  interest  of  the  country. 
Government-mandated  numerical  caps  on  the  number  of  graduate  students  should  not  be 
imposed.  The  pool  of  graduate  students  should  be  allowed  to  shrink  or  grow  in  response  to 
changes  in  demand  in  the  end-user  market.  The  system  can  be  made  more  responsive  to  external 
market  signals  by  shortening  the  time  to  degree,  or  better  still,  the  time  to  first  employment  in  a 
potentially  permanent  position.  Although  universities  should  not  strictly  control  the  time  to 
degree,  there  should  be  limits  on  how  long  (based  on  a  'training  clock'  that  could  be  stopped  for 
reasons  like  parental  leave  or  illness)  students  and  postdocs  can  receive  federal  funding.  In 
addition,  graduate  students  are  often  too  tied  to  problems  chosen  by  their  mentors.  In  order  to 
increase  their  independence,  funding  for  graduate  students  could  be  shifted  from  research  grants 
to  peer-reviewed  institution-based  educational  grants  and  fellowships  directly  to  the  students. 

As  the  COSEPUP  report  suggests,  PhD-granting  departments  should  be  required  to  track 
students  for  at  least  ten  years  after  they  receive  their  degrees.  These  data  should  be  entered  into  a 
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national  career  tracking  database  for  use  by  students,  administrators  and  funding  agencies 
However,  care  must  be  taicen  in  using  ultimate  career  outcomes  to  determine  funding  levels  and 
allocation  —  'career  success'  should  not  be  defined  as  'teaching  and  research'  only. 

Currently,  students  and  their  potential  employers  are  led  to  believe  this  definition  of  success,  and 
this  must  change.  It  is  in  the  best  interest  of  the  country  to  have  science-trained  individuals 
employed  in  all  sectors  of  our  economy.  One  way  this  can  be  accomplished,  in  the  long-term,  is 
by  broadening  the  education  of  scientists  and  engineers.  But  for  today's  PhDs,  'alternative 
careers'  is  little  more  than  a  buzz-word  that  soothes  the  establishment.  There  are  very  few  data 
on  what  alternative  career  opportunities  exist  for  scientists  and  engineers,  and  virtually  no  data  on 
how  they  move  from  the  traditional  job  market  to  other  careers.  These  data  are  needed  to  help 
guide  graduates  and  employers  in  the  future.    To  be  taken  seriously  in  the  broader  job  market  the 
PhDs  often  need  additional  training  or  experience  in  the  new  field.  Perhaps  retraining  grant 
programs  could  be  set  up  to  assist  the  current  generation  make  the  transition. 

Foreign  students  make  great  contributions  to  our  graduate  educational  system,  and  they  should 
continue  to  have  access  to  our  schools.  However,  the  issue  of  maintaining  a  balance  in  the 
domestic  market  for  scientists  and  engineers  should  take  precedence.  There  are  many  possible 
mechanisms  for  balancing  these  interests.  One  is  to  limit  the  ratio  of  foreign  students  to  some 
percentage  (less  than  50%)  of  the  domestic  students    Another  mechanism  is  to  open  foreign 
education  and  job  markets  to  U.S.  scientists  and  engineers  —  at  present,  U.S.  scientists  and 
engineers  face  restricted  access  to  foreign  markets    We  could  insist  on  some  form  of  reciprocity. 


CONCLUSION 

There  is  an  urgent  need  to  reassess  the  national  policy  on  graduate  education  in  science  and 
engineering  —  especially  in  light  of  the  funding  reductions  that  will  necessarily  follow  from 
eliminating  the  federal  budget  deficit.  The  challenge  is  to  fashion  new  policies  for  exploring  the 
'endless  frontier'  that  are  appropriate  for  an  era  of  limited  federal  resources.  This  will  require 
imaginative  input  from,  and  the  cooperation  of,  all  segments  of  the  enterprise.  The  COSEPUP 
report  is  a  good  first  step  in  that  process. 
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Dr.  Kevin  D.  Aylesworth 

2456  Massachusetts  Ave.  #404 

Cambridge,  MA  02140 

kda@pinet.aip.org 

(617)491-9872 


Dr.  Neai  Lane 

Director 

National  Science  Foundation 


Dear  Dr.  Lane,  3-28-94 


I  would  like  to  express  my  appreciation  for  your  concern  about  the  employment  problems 
of  young  scientists.  It  is  obvious  from  what  I've  read  that  your  concern  is  genuine.  I  wish  I  could 
be  certain  that  everyone  at  your  agency  and  on  the  National  Science  Board  shares  your 
understanding  of  our  plight.   Alas,  my  reading  of  Chapter  3  in  Science  and  Engineering 
Indicators  (regarding  the  Science  and  Engineering  Workforce)  leads  me  to  believe  that  some  at 
the  NSF  and  NSB  want  to  continue  to  play  political  games  at  the  expense  of  young  scientists. 
This  letter  is  to  point  out  exactly  what  I  find  offensive,  and  to  request  your  assistance  in  setting 
the  record  straight. 

Problems  with  Chapter  3  start  on  page  68.  The  section  labeled  "S&E  Market  Conditions" 
admits  that  there  is  a  controversy  surrounding  the  supply  and  demand  of  scientists  and  engineers, 
but  completely  omits  any  mention  of  the  NSF's  role  in  concocting  the  shortage  mythology  (The 
Myth).  Moreover,  this  section  strongly  implies  that  The  Myth  is  the  result  of  a  study  by  Richard 
Atkinson  -  nowhere  is  it  mentioned  that  he  based  his  study  of  PhD  supply  on  an  NSF  study  of 
undergraduate  supply.    I  realize  that  it  is  an  embarrassing  episode  in  the  Foundation's  history  that 
predates  your  appointment.  However,  the  continued  unwillingness  of  NSF  and  NSB  officials  to 
admit  any  responsibility  for  The  Myth  only  breeds  more  resentment  and  anger  from  those  of  us 
who  are  directly  affected  by  it.  I  don't  see  how  the  consequences  of  admitting  responsibility  for 
The  Myth  can  be  worse  than  the  consequences  of  perpetuating  this  embitterment. 

Another  major  flaw  in  this  report  is  the  lack  of  attention  given  to  postdocs  and  other 
temporarily  employed  PhD's.  The  only  paragraph  that  does  mention  them  -  the  first  full 
paragraph  on  page  77  ~  is  close  to  being  an  outright  lie.  In  particular,  the  assertion  that  "[t]he 
most  recent  NSF  data  (which  cover  years  through  1991),  however,  do  not  show  a  sizable  increase 
in  the  number  of  postdoctorate  appointments"  is  dangerously  vague  and  misleading.  First  of  all, 
there  is  no  indication  of  whether  the  change  in  the  number  of  postdocs  was  measured  over 
minutes,  days,  weeks,  months,  years,  decades  or  centuries.  In  addition,  it  is  not  clear  if  the 
number  of  postdocs  increased  in  some  fields  while  decreasing  in  others.  Second,  according  to  an 
article  by  Kate  Kirby  and  Roman  Czujko  in  the  December  1993  issue  of^ Physics  Today,  the 
number  of  physicists  holding  postdocs  in  doctorate-granting  departments  rose  from  1287  in  1980 
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to  1721  in  1991.  Their  source  was  NSF  report  93-302.   At  least  for  physics,  the  statement  in 
Indicators  is  false  unless  one  makes  the  unlikely  assumption  that  the  number  of  physics  postdocs 
in  industry  and  government  labs  declined  over  the  same  decade.  Third,  the  number  of  postdocs 
does  not  even  begin  to  tell  the  whole  story  of  temporarily  employed  scientists  —  there  are  large 
numbers  of  soft-money  researchers  and  temporary  positions  not  listed  as  postdocs    In  addition, 
postdocs  that  are  intended  to  last  one  or  two  years  are  often  extended.  Postdocs  and  other 
temporary  employees  must  be  fully  included  in  any  believable  study  of  the  market  for  scientists. 
Relegating  them  to  one  short  and  misleading  paragraph  is  not  acceptable 

My  final  major  complaint  concerns  the  large  table  at  the  top  of  page  77  labeled,  "Average 
annual  salary  offers  to  doctoral  degree  candidates  in  selected  fields:  1988-93."  The  magnitudes  of 
the  salary  offers  for  physicists  seem  way  too  high  and  are  apparently  based  of  fewer  than  20  job 
offers  each.  From  data  I've  seen  elsewhere,  the  numbers  quoted  in  the  table  cannot  possibly 
include  postdoctoral  salaries.  Since  postdocs  are  considered  to  be  flilly  employed  throughout  this 
section,  it  is  natural  to  assume  their  salaries  will  be  included  in  any  table  purporting  to  show 
"average  annual  salary  offers  to  doctoral  degree  candidates."  I  called  Patrick  Mulvey  at  the 
Employment  Statistics  Division  of  the  American  Institute  of  Physics.  He  told  me  that,  according 
to  their  statistics,  the  average  salary  was  $34,700  and  the  median  salary  was  $32,000  for  all  PhD's 
who  graduated  in  1992  and  found  full-time  jobs  in  the  United  States  —  quite  different  from  the 
$40,940  figure  in  the  table.  I  see  no  legitimate  reason  for  using  a  table  that  is  based  on  such  a 
small  sample  size  and  that  omits  postdoctoral  (or  any  other)  salaries  without  explanation.  This  is 
especially  puzzling  because  the  professional  societies  can  provide  nearly  complete  statistics 

The  scientific  employment  problem  has  been  apparent  to  my  generation  for  at  least  four 
years.  Why  do  some  of  your  colleagues  at  the  NSF  and  NSB  refiise  to  take  the  situation 
seriously?  I  will  be  in  Washington,  D.C.  from  April  19  -  24,  and  would  appreciate  a  meeting  with 
you  and/or  those  directly  responsible  for  the  content  o{ Indicators  to  clear  up  any 
misunderstandings. 


Yours  truly. 


Kevin  Aylesworth 


CC:      Daryl  Chubin 

Kenneth  M.  Brown 
James  J  Duderstadt 
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NATIONAL  SCIENCE  FOUNDATION 

4201   WILSON  BOULEVARD 
ARLINGTON,  VIRGINIA  22230 


nsf 


OFFICE  OF  THE 
ASSISTAhJT  DIRECTOR 
FOR  SOCIAL.  BEHAVIORAL  iqQ/1 

AND  ECONOMIC  SCIENCES  April    ^o,    lyy^ 


Dr  Kevin  D.  Aylesworth 
2456  Massachusetts  Ave.  #404 
Cambridge,  MA  02140 

Dear  Dr.  Aylesworth: 

Thank  you  (or  your  letter  about  the  employment  problems  of  young  scientists.  The  Director 
asked  me  to  reply,  as  Science  and  Engineering  Indicators  is  produced  in  my  directorate    The 
Director  and  I  share  your  concern  about  the  difficult  employment  situation  and  would  certainly 
agree  that  we  need  good  data  and  good  analysis  of  the  problem  so  that  policy  makers  can  shape 
appropriate  responses. 

I  would  point  out,  however,  that  your  letter  focuses  on  a  chapter  in  Science  and  Engineering 
Indicators  which  many  times  acknowledges  the  employment  problems  of  young  scientists. 
Indeed,  this  topic  is  featured  in  the  overview,  has  a  whole  section  devoted  to  it,  and  is  mentioned 
throughout  the  chapter.  Moreover,  the  author  of  the  chapter  went  beyond  NSF  data  to 
professional  associations  for  more  timely  information  on  the  employment  situation.  In  fact,  your 
own  Young  Scientists  Network  is  mentioned  to  illustrate  the  extent  of  concern  about  employment 
problems.  There  is  no  question  that  the  members  of  the  National  Science  Board  and  the  authors 
oi  Science  and  Engineering  Indicators  are  sensitive  to  employment  problems  of  new  PhD's  and 
consider  them  to  be  of  the  greatest  importance. 

Nevertheless,  I  would  agree  with  you  that  there  are  additional  data,  not  included  in  the  chapter, 
that  would  have  further  documented  the  situation    For  example,  the  brief  reference  to  NSF's  data 
on  postdoctorate  employment  should  have  included  a  time  frame  (1988  through  1991)  and  should 
have  identified  the  specific  fields  covered  (physics,  chemistry,  and  mathematics).  You  are  correct 
that  NSF  data  show  postdoctorate  employment  in  physics  (and  some  other  fields  too)  steadily 
increasing  through  the  1980's  and  into  the  1990's.  It  is  difficult,  however,  to  determine  how  much 
of  this  increase  reflects  current  problems  in  the  job  market,  and  how  much  is  part  of  a  long  term 
trend    In  the  future,  we  plan  to  do  a  more  thorough  analysis  of  the  postdoctorate  data,  including 
examining  the  data  by  individual  field. 
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Page  2 


Your  criticism  of  the  College  Placement  Council's  data  on  the  beginning  salary  offers  is  valid 
But  I  think  you  should  know  that  every  effort  was  made  to  use  similar  data  from  professional 
associations    Unfortunately,  there  were  major  comparability  problems  that  meant  that  data  from 
the  associations  could  not  be  combined  into  one  table.  Please  note  that  the  point  of  the  table  you 
cite  was  to  document  the  slowdown  in  entry-level  salary  growth,  thereby  illustrating  the  growing 
supply  of  new  PhD's  in  the  job  market. 

I  understand  that  you  discussed  your  concerns  with  Dr.  Brown    Please  feel  free  to  contact  him 
again  should  you  wish  to  discuss  these  matters  flirther. 


Sincerely, 


Cora  B.  Marrett 
Assistant  Director 


Daryl  Chubin 
Kenneth  M.  Brown 
James  J  Duderstadt 
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Mr.  Ehlers.  [presiding]  Thank  you,  Dr.  Aylesworth.  I  appreciate 
the  speed  with  which  you  went  through  that. 
Dr.  Wrighton? 

STATEMENT  OF  DR.  MARK  WRIGHTON,  CHANCELLOR,  WASH- 
n^GTON  UNIVERSITY  [FORMER  PROVOST,  MASSACHUSETTS 
INSTITUTE  OF  TECHNOLOGY],  ST.  LOUIS,  MISSOURI 

Dr.  Wrighton.  Thank  you  very  much.  I  am  pleased  to  be  here 
as  well,  and  I  compliment  the  members  on  their  interest  in  ad- 
dressing this  issue.  The  discussion  that  was  held  this  morning  was 
extraordinary.  I  was  really  privileged  to  have  been  here  to  partici- 
pate as  a  member  of  the  audience  and  to  learn  from  you  as  you  de- 
bated among  yourselves  some  of  the  issues  before  us. 

It  is  also  appropriate  that  this  hearing  be  conducted  before  the 
Subcommittee  on  Basic  Research  because  advanced  education  in 
America  owes  its  evolution  as  one  that  is  now  preeminent  to  the 
close  coupling  between  advanced  education  and  research. 

One  of  the  key  issues  we  have  been  addressing  here  is  the  pos- 
sible oversupply  of  Ph.D.s.  It  is  my  view  that  the  United  States 
cannot  have  too  many  highly  educated  people.  Therefore,  the  dis- 
cussion really  must  concern  the  nature  and  character  of  the  Ph.D. 
experience. 

I  have  had  the  opportunity  to  participate  in  some  of  the  discus- 
sion that  surrounded  Ph.D.  education,  and  I  find  myself  in  concert 
with  the  views  that  have  been  expressed  by  Dr.  John  Armstrong, 
formerly  of  IBM,  who  has  expressed  the  view  that  Ph.D.  programs 
often  are  too  narrow,  too  long,  and  too  campus-centered  to  meet  the 
needs  of  industry.  There  is  certainly  a  need  for  the  Ph.D.  experi- 
ence to  be  one  focused  on  addressing  the  research  problem  of  inter- 
est and  significance  and  to  demonstrate  progress  in  solving  them. 

However,  there  is  a  need  for  Ph.D.  recipients  to  understand  the 
industrial  world  into  which  they  will  likely  be  recruited  even  if  the 
Ph.D.  recipient  is  to  pursue  an  academic  career.  It  should  be  un- 
derstood that  the  students  that  these  faculty  members  will  prepare 
are  very  likely  to  pursue  careers  in  industry  and  it  is  appropriate 
that  we  the  academicians  had  better  understand  the  needs  of  the 
industries  that  we  serve. 

Understanding  the  world  of  industry  can  be  accomplished  by 
more  fully  developing  the  partnership  between  universities  and  in- 
dustry and  by  expanding  the  opportunities  for  collaborative  re- 
search, including  time  at  industry  sites  with  graduate  students  and 
time  at  the  universities  for  members  of  the  industrial  team. 

At  the  present  time,  there  is  an  understood  need  that  there  are 
not  incentives  on  either  the  industry  or  university  side  to  encour- 
age the  expansion  and  strengthening  of  the  industrial  partnership 
with  universities. 

There  sire  other  entities  with  which  university  partnerships 
might  yield  a  broadened  Ph.D.  experience,  including  interactions 
with  government  laboratories  and  research  institutions.  In  addition 
to  providing  opportunities  for  interaction  with  industrial  and  other 
collaborators,  the  industrial  experience  should  include  broadening 
subjects  including  ones  in  the  student's  so-called  specialties.  I  have 
observed  as  a  chemist  that  too  many  students  do  not  have  the 
breadth  and  depth  of  chemistry  needed  for  the  changing  careers 
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they  will  face,  let  alone  the  skills  needed  in  allied  sciences  and  en- 
gineering and  in  communications. 

Further,  much  of  the  developed  and  developing  world  is  aggres- 
sively pursuing  advanced  research  in  their  own  areas,  and  Ameri- 
cans need  to  know  much  more  about  what  is  being  done  in  other 
countries  and  more  about  other  cultures.  Thus,  the  graduate  expe- 
riences need  to  be  broadened. 

While  broadening  the  graduate  experience  in  science  and  engi- 
neering to  include  additional  learning  experiences  beyond  the  re- 
search problem  is  important,  it  needs  to  be  understood  that  the 
length  of  the  Ph.D.  experience  is  currently  too  long.  It  is  not  atypi- 
cal for  a  student  to  be  involved  in  the  Ph.D.  program  for  five  or 
six  years,  as  you  have  already  heard,  and  sometimes  in  other 
areas,  depending  on  the  discipline,  the  degree  takes  significantly 
longer. 

The  long  time  to  degree  and  the  concomitant  costs  erode  the  re- 
turn on  graduate  investment  in  education.  As  you  have  already 
heard,  there  is  no  single  factor  that  can  be  regarded  as  the  domi- 
nant one  contributing  to  the  long  Ph.D.  experiences.  But  one  con- 
tributor, in  my  view,  is  the  intense  interest  in  research  results  and 
the  reward  structure  associated  with  it  for  the  faculty  mentors. 

Sustaining  world  leadership  in  science  and  technology  will  re- 
quire more  than  just  being  able  to  solve  challenging  intellectually 
stimulating  research  problems  at  the  cutting  edge  of  knowledge, 
but  it  should  be  understood  that  the  Ph.D.  is  a  research  degree  and 
the  research  experience  should  remain  the  heart  of  the  experience. 

In  suggesting  specific  changes  to  the  graduate  education  and  re- 
search enterprise,  it  should  be  strongly  emphasized  that  the  adjust- 
ments needed  are  ones  related  largely  to  balance.  Fundamentally, 
the  system  is  healthy,  world-class,  and  has  served  the  country  well. 

There  are  some  changes  in  emphasis  that  are  needed  to  better 
meet  today's  and  tomorrow's  needs,  and  I  believe  that  one  way  to 
meet  some  of  the  needed  changes  would  be  to  adjust  the  balance 
of  support  to  graduate  students  in  the  form  of  research  assistants 
to  include  a  healthier  balance  of  fellowship  and  training  grant  sup- 
port. As  you  have  heard,  there  would  be  many  objectives  that 
would  be  met  by  the  change  in  balance,  including  ones  related  to 
the  educational  programs  that  will  be  developed  by  the  academic 
units  advancing  the  training  grant  programs. 

I  also  believe  that  the  support  extended  through  this  mechanism 
would  encovu'age  individual  faculty  members  to  take  more  seriously 
their  role  as  educational  mentors  as  well  as  research  mentors. 

In  closing,  I  want  to  emphasize  again  that  science  and  technology 
leadership  is  of  course  vital  to  the  United  States,  that  the  graduate 
education  and  research  enterprise  is  currently  the  envy  of  the 
world  and  some  changes  in  balance  in  the  enterprise  will  contrib- 
ute to  enhancing  the  U.S.  leadership  position  in  advanced  edu- 
cation and  research. 

Thank  you  very  much. 

[The  prepared  statement  of  Dr.  Wrighton  follows:] 
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Mr.  Chairman  and  Committee  Members,   I  am  Mark  S.  Wrighton, 
Chancellor  and   Professor  of  Chemistry   at  Washington  University  in   St. 
Louis.     I  am  formerly  Provost  and  Ciba-Geigy  Professor  of  Chemistry  at 
MIT  where  I  mentored  more  than  70  Ph.D.  recipients  in  chemistry.     It  is  a 
pleasure   to   be   able   to   speak   briefly   regarding   graduate   education   for 
scientists    and    engineers. 

It   is   appropriate   that   this   hearing   on   advanced    "education"    be   held 
before   the    Subcommittee   on   Basic   Research,    because   the   synergy   between 
advanced  education  and  research   has  been  a  key   to   the  evolution  of 
America's    preeminence    in    science    and   engineering   education    and    research 
at   research-intensive   universities.      The   U.S.   is   the   world   leader  in   graduate 
education   and    research,    and   yet   there   are   definitely   opportunities    to 
improve,   and  indeed,  change  is  needed,   in  order  to  sustain   a  world 
leadership  position  and  to  serve  better  the  interests  of  U.S.   society.     What 
are  those  interests?     In  my  view,   there  are  five  reasons  to  sustain  U.S. 
leadership   in   science  and  engineering  education   and  research:      (1)   to 
sustain   and   proliferate   peace,   (2)   to  enhance   human   health,   (3)   to   ensure 
economic    prosperity,    (4)    to   preserve    the   environment   and    to   encourage 
sustainable  development,   and   (5)   to  enhance   the   quality   of  life.      America's 
investment   in    science   and   engineering   education   and   research    is  just   that, 
an   investment,   and  one  that  has   a  proven  track  record.      However,   this  era 
of  change  suggests  that  there   is  a   need   to  review   the   investment  and   to 
make    appropriate    changes. 
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One  of  the  prevailing  concerns  relates   to  the  possible   "oversupply"   of 
Ph.D.'s.     It  is  my  view  that  the  U.S.  cannot  have  too  many  highly  educated 
citizens.     Science  and  technology  leadership  is  vital  to  the  future  of  the 
nation,   and   highly   educated   people   in   large   numbers   will   be   needed   to 
sustain   U.S.   industry.      It   is   worth   noting   that   the   research-intensive 
universities    through    strong    graduate    programs    in    science    and    engineering 
have    contributed    greatly    to    the    development   of   the    biotechnology    industry 
and   to   the   computer  industry.      Clearly,   universities   are   not   responsible   for 
all    innovative   discoveries,   but   all    innovative   discoveries   are   made   by 
people-— people    educated    in    universities.      The    paramount   concern, 
therefore,   is   not  how  many   Ph.D.'s  are  being  produced,   but  the  quality  and 
character   of   the    graduate    education    experience    they    receive. 

I   share   the   view   that  has   been  articulated  by  Dr.  John   Armstrong 
formerly  Vice  President  at  IBM   that  the  Ph.D.  experience  is  now  too 
narrow,   too   long,   and   too  campus-centered   to   meet  the   needs   of  industry. 
There  is  certainly  a  need  for  the  Ph.D.  experience  to  be  one  focused  on 
addressing   a      research  problem  of  interest  and  significance   and   to 
demonstrate  progress  in  solving  it.     However,  there  is  a  need  for  Ph.D. 
recipients    to   better   understand   the    industrial    world   into    which    they    will 
likely  be  recruited.     Even  if  the  Ph.D.  recipient  is  to  pursue  an  academic 
career   it   should   be   understood   that   the   students   they   prepare   are   likely   to 
pursue   careers   in   industry,    and   it  is   appropriate   that   we   the   academicians 
better   understand   the   needs   of  the   industries   we   serve.      Understanding 
the   world  of  industry  can  be   accomplished  by  more  fully  developing   the 
partnership    between    universities    and    industry.       Expanding    the 
opportunities    for   collaborative    research,    including    time    at    industry    sites 
for   the   graduate   students   and   time   at   the   universities   for   the   industrial 
collaborators.      At  the   present   time   there  is   an   understood   need   but   there 
are   not   incentives   on   either   the   industry  or  university   side   to   encourage 
the   expansion   and   strengthening   of  the    industrial    partnership.      There   are 
other   entities    with    which    university    partnership    may    yield    a    broadened 
Ph.D.    experience,    including    interactions    with    government    laboratories    and 
research     institutes. 

In    addition    to   providing   opportunities    for   interaction    with    industrial 
and    other   collaborators,    the    graduate    experience    should    include 
broadening  subjects,   including  ones   in   the  student's  so  called   specialty.      I 
have   observed   that   too   many   students   do   not   have   the   breadth    and   depth 
in   chemistry  needed  for  a  changing  career,   let  alone  the   skills   needed   in 
allied    sciences   and   engineering   and   in   communications.      Further,    much   of 
the    developed    and    developing    world    is    aggressively    pursuing    advanced 
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research,   and   Americans   need   to  know   more  about   what  is   being   done   in 
other  countries   and   more   about   other  cultures.      Thus,   the   graduate 
experience    needs    to    be    broadened. 

While    broadening    the    graduate   experience    in    science    and   engineering 
to    include    additional    learning   experiences   beyond    the   research   problem    is 
important,   it  needs   to  be  understood   that  the   length  of  the   Ph.D.   experience 
is  currently  too  long.     It  is  very  typical  for  the  Ph.D.  student  to  spend  five 
or  six  years  beyond  a  bachelors  degree  to  earn  the  doctorate.      In   some 
fields  the  time  to  degree  is  significantly  longer.     The  long  time  to  degree 
and   the   concomitant   costs   erode   the   return   on    investment   in   graduate 
education.     No  single  factor  can  be  regarded  as  the  dominant  one  in 
contributing  to  long  Ph.D.  experiences,  but  a  contributor  in  some  fields  is 
undoubtedly    the    highly    results-oriented    reward    structure    to    faculty 
mentors    who    support    graduate    students    on    their   research    grants    or 
contracts. 

Sustaining   world   leadership   in   science   and   technology   will   require 
more   than   being   able   to   solve  challenging,   intellectually   stimulating 
research   problems  at  the  cutting  edge  of  knowledge,   but  it  should  be 
understood   that   the   Ph.D.   is   a  research   degree   and   the   research   experience 
should   remain   the   heart  of  the  experience.      In   suggesting   specific   changes 
to   the    graduate   education   and   research   enterprise   it   should   be   strongly 
emphasized   that   the   adjustments   needed   are   ones   related   largely   to 
balance.      Fundamentally,   the   system   is  healthy,   world  class,   and   has   served 
the  country  well.     There  are  some  changes  in  emphasis  that  are  needed  to 
better    meet    today's    and    tomorrow's    needs. 

One  way  to  bring  about  some  of  the  needed  adjustments  in   the 
graduate   education   enterprise   is   to   change   the   balance   of  resources 
devoted    to   graduate   education    from    an   emphasis   on    graduate    research 
assistants  on  grants  and  contracts  to  more  support  in  the  form  of 
fellowships   and   training   grants   to   institutions   and   departments.      Such 
training   grants   and   fellowships   should   be   funded   at   levels   that   reflect   the 
costs   of  the  education,   recognizing  both   that   such   education  is  expensive 
and  that  it  is  a  meaningful  investment.     Note  that  this  is  not  a  call  for  more 
money;  rather,  this  is  a  call  for  a  redistribution  of  resources.     Why  would 
such    a   re-distribution    effect   the   desired   changes    in    graduate   education? 
Fellowships   to   students   would   encourage   faculty   to  offer   the   best 
educational   programs    to   attract   the   best   students.      Today,    students   are 
attracted    to   faculty   who   have   research   grants   and   contracts   to    support 
them.      Training   grants   would   encourage  entire  academic   units   to   develop 
the   best   educational   programs   to  attract  not  only   the   financial   support,   but 
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also  to   attract   the  best  students.      Both   training   grants   and   fellowships 
would   lessen   the  burden  on   the  research   faculty   in   terms  of  effort 
expended    on    research    proposals    and    could    lessen    the    administrative 
burden    on    proposers    and    sponsors   alike. 

In  closing,   I   want  to  emphasize  again  that  science  and  technology 
leadership  is   vital   to   the  U.S.;   that  the  graduate  education  and  research 
enterprise   is  currently   the  envy  of  the   world;   and  that  some  changes   in 
balances   in   the  enterprise   will  contribute   to  enhancing   the   U.S.    leadership 
position    in    advanced    education    and    research. 

Mr.   Chairman,   I  would  be  pleased  to  respond  to  questions. 
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Mr.  Bartlett.  [presiding]  Dr.  Walker? 

STATEMENT  OF  DR.  GEORGE  WALKER,  CHAIR,  COUNCIL  OF 
GRADUATE  SCHOOLS,  VICE  PRESIDENT  FOR  RESEARCH  AND 
DEAN  OF  GRADUATE  SCHOOL,  INDIANA  UNIVERSITY, 
BLOOMINGTON,  INDIANA 

Dr.  Walker.  I  would  like  to  thank  the  Committee  to  testify  today 
on  the  COSEPUP  report  and  discuss  graduate  education  of  sci- 
entists and  engineers. 

I  am  testifying  today  from  the  perspective,  Mr.  Chairman,  of  the 
board  of  directors  of  the  Council  of  Graduate  Schools,  the  CGS.  The 
Council  of  Graduate  Schools  has  412  members  throughout  the 
United  States  and  Canada.  Its  membership  includes  virtually  all 
constituents  of  the  Association  of  American  Universities,  the  AAU, 
and  the  National  Association  of  State  Universities  and  Land  Grant 
Colleges. 

I  am  also  speaking  from  the  perspective  as  vice  president  of  re- 
search and  dean  of  the  graduate  school  at  Indiana  University  and 
as  a  faculty  member,  a  theoretical  physicist,  in  physics  for  a  num- 
ber of  years.  I  have  also  had  the  privilege  of  having  my  research 
and  training  of  graduate  students  funded  by  the  NSF  for  the  last 
quarter  of  a  century. 

I  should  say,  reflecting  on  this  morning's  discussion,  that  I  had 
to  become  a  physicist.  Having  once  had  the  opportunity  to  experi- 
ence the  exhilaration  of  discovery,  I  had  no  choice.  But  now,  as  I 
think  back  on  the  quarter  of  a  century  of  that  privilege,  I  would 
also  say  that  one  of  the  great  satisfactions  has  been  the  mentoring 
and  training  of  graduate  students. 

We  beheve  the  COSEPUP  report  is  correct.  The  U.S.  graduate 
education  in  science  and  engineering  is  distinguished  by  excellence, 
but  would  be  improved  by  maintaining  the  research  training  excel- 
lence and  at  the  same  time  allowing  for  more  flexibility  in  program 
design  and  allowing  for  options  that  would  widen  the  work  and 
learning  environments  for  students,  thus  facilitating  more  versa- 
tility in  their  careers. 

The  academic  community  is  already  responding  to  the  issues 
raised  in  the  COSEPUP  report.  I  just  came  from  a  meeting,  a  CGS 
meeting  with  more  than  100  schools  represented,  where  it  was  dis- 
cussed. The  presidents  and  chancellors  of  AAU  universities  have 
requested  their  graduate  deans  to  carefully  evaluate  the  COSEPUP 
report  and  make  recommendations  on  how  universities  ought  to  re- 
spond. 

I  am  a  member  of  graduate  deans  carrying  out  that  request.  I  am 
aware  that  the  Council  of  Research  Policy  and  Graduate  Education, 
NASULGC,  is  similarly  considering  the  COSEPUP  report. 

I  would  like  to  stress,  as  does  the  COSEPUP  report,  the  impor- 
tance and  lack  of,  in  many  cases,  availability  of  data  regarding  the 
careers  of  U.S.  Ph.D.  graduates,  particularly  those  outside  the  aca- 
demic environment.  'Hie  data-gathering  capabilities  of  the  Federal 
funding  agencies,  such  as  the  National  Science  Foundation  and  the 
NIH,  should  be  enhanced,  and  I  believe  that  major  research  efforts 
to  learn  about  multiple  or  flexible  career  paths  in  science  and  engi- 
neering are  deserving  of  Federal  support. 
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Rapid  disclosure  and  public  discussion  of  career  path  opportuni- 
ties are  needed  so  that  developing  scholars  can  make  informed 
choices. 

Now  I  would  like  to  make  some  brief  comments  on  the  questions 
that  were  addressed  in  the  written  testimony  on  the  issue  of  limit- 
ing enrollments  in  Ph.D.  programs.  Of  course,  there  are  natural 
limitations  that  are  already  taking  place  by  enrollment  decisions 
made  by  students,  departments,  and  universities  throughout  the 
country.  These  decisions  are  based  on  merit,  the  job  market,  and 
the  financial  resources  for  support,  among  other  things. 

Market  forces  are,  I  believe,  already  at  work  in  some  disciplines. 
COS  data  shows  the  graduate  enrollment  leveling  off  following  a 
decade  of  increase.  A  recent  American  Institute  of  Physics  study  in- 
dicates that  Ph.D. -granting  departments  decreased  their  admis- 
sions by  20  percent  from  1992  to  1995. 

I  am  aware  and  troubled  by  the  stories  of  expectations  not  being 
met,  especially  as  with  regard  to  emplojnnent  in  the  economic  sec- 
tor or  underemplojonent.  That  does  not  mean  to  directly  imply  an 
overproduction  of  Ph.D.s  but  may  result  from  a  mismatch  of  expec- 
tations, especially  with  regard  to  academic  appointment  and  more 
particularly  in  narrowness  of  training  and  inadequate  information 
on  career  choices  within  the  discipline. 

Job  markets  operate  best  with  minimal  Federal  control.  The  Fed- 
eral role  should  be  to  support  the  development  of  database  informa- 
tion £ind  its  dissemination  and  to  support  excellence  of  training  of 
Ph.D.s  through  competitive  awards,  including  more  training 
grants. 

On  the  issue  of  time  to  degree,  considerable  efforts  are  already 
underway  in  individual  institutions  to  lower  time  to  degree.  The 
AAU,  AGS,  and  COS  publications,  which  predate  COSEPUP,  illus- 
trate the  many  approaches  to  improving  and  making  Ph.D.  pro- 
grams more  productive. 

At  Indiana  University,  I  founded  that  the  simple  availability  of 
time  to  degree  and  career  data  on  a  department-by-department 
basis  in  the  hands  of  the  appropriate  school  dean  can  provide  great 
impetus  for  a  serious  look  at  this  issue. 

In  conclusion,  I  agree  with  the  COSEPUP  report  that  science  and 
engineering  Ph.D.  programs  will  be  improved  with  students  and 
the  Nation  better  served  with  more  flexibility  and  versatility  that 
would  characterize  graduate  programs.  Research  excellence  need 
not  be  compromised  by  this  approach.  In  fact,  my  experience  indi- 
cates that  research  productivity  will  improve  because  of  the  broad- 
er perspectives  gained. 

An  excellent  vehicle  for  this  change  would  be  the  consideration 
of  more  departmental  training  grants.  I  say  this  even  in  the  ex- 
tremely stressful  funding  environment  in  which  we  work.  The  Fed- 
eral agencies  are  quite  capable  of  adjusting  their  criteria  for  re- 
search excellence  to  include  excellence  in  training  Ph.D.  graduates. 
As  graduate  deans,  we  want  our  institutions  to  continue  to  grad- 
uate the  problem  solvers  our  Nation  needs. 

From  my  own  experience  as  a  graduate  dean  and  professor  of 
physics,  I  am  aware  that  just  because  someone  has  been  productive 
in  research  does  not  necessarily  mean  they  will  be  a  good  mentor, 
and  I  also  realize  that  often,  as  we  are  mentored  so  we  will  mentor 
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the  next  generation  of  faculty,  the  graduate  students  of  the  morn- 
ing, some  of  them  are  the  faculty  of  the  afternoon. 

In  the  process  of  broadening  training  for  graduate  students,  we 
need  to  also  understand  that  they  need  to  be  mentored  on  how  to 
mentor. 

I  believe  we  are  in  the  process  of  crafting  changes  in  our  own 
graduate  programs  at  individual  universities  that  will  broaden  the 
horizons  and  the  interests  and  opportunities  for  future  generations 
of  problem  solvers.  In  that  sense,  the  COSEPUP  report  has  been 
very  helpful  to  us. 

Thank  you  for  your  attention  this  morning,  this  afternoon.  I  am 
prepared  to  answer  questions  that  the  Committee  may  have  at  this 
time  or  individually. 

[The  prepared  statement  of  Dr.  Walker  follows:] 
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Thank  you  Mr.  Chairman  for  the  opportunity  to  testify  today  on  the  National  Academy  of 
Sciences  Committee  on  Science,  Engineering,  and  Public  Policy  Report  entitled  "Reshaping  the 
Graduate  Education  of  Scientist  and  Engineers".  I  am  testifying  today  in  my  capacity  as  chairman 
of  the  Board  of  Directors  of  the  Council  of  Graduate  Schools  (CGS).  The  Council  of  Graduate 
Schools  has  412  members  throughout  the  U.S.  and  Canada  with  a  growing  number  of  private  sector 
and  foreign  university  affiliates.  Its  membership  includes  virtually  all  constituents  of  the 
Association  of  American  Universities  (AAU)  and  the  National  Association  of  State  Universities 
and  Land-Grant  Colleges  (NASULGC)  as  well  as  many  smaller,  regional  institutions  that  make  up 
the  diversity  of  graduate  education  in  the  U.S.  I  am  also  speaking  from  my  position  as  Vice 
President  of  Research  and  Dean  of  the  Graduate  School  at  Indiana  University  and  as  a  faculty 
member  in  physics  for  a  number  of  years.  I  have  had  the  privilege  of  having  my  research  and 
training  of  graduate  students  funded  by  the  NSF  for  the  last  quarter  of  a  century. 

The  COSEPUP  report  has  it  right:  U.S.  graduate  education  in  science  and  engineering  is 
distinguished  by  excellence.  That  does  not  mean  it  can  not  use  improvement.  The  improvements 
should  be  cautious  and  build  on  the  premise  of  maintaining  excellence  while  providing  options 
such  as  increased  flexibility  in  program  and  course  design.  Options  should  also  be  available  for 
students  to  experience  a  variety  of  settings  so  that  they  will  be  exposed  to  more  work  and  learning 
environments  facilitating  more  versatility  in  their  lifetime  careers.  Flexibility  and  versatility  are 
hallmarks  of  the  American  system  of  graduate  education.  I  believe  that  is  one  of  the  reasons  it  has 
proven  to  be  so  robust  and  desirable  from  an  international  standpoint. 
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It  could  be  said  that  the  international  reputation  of  our  institutions  of  higher  learning 
remains  unparalleled.  As  an  example,  numerous  students  and  senior  scholars  from  abroad  flock  to 
our  country  to  gain  the  unique  training  that  is  obtainable  at  our  major  research  universities.  Indeed, 
the  largest  and  most  powerful  "developing"  countries  send  their  best  and  brightest  to  us  by  the 
thousands  for  training.  This  is  especially  interesting  because  this  statement  could  most 
appropriately  have  been  made  about  German  universities  in  the  period  1900-1910.  At  that  time,  the 
United  States  was  the  major  developing  country  whose  students  flocked  to  German  laboratories  for 
training.  This  example  makes  it  clear  that  we  cannot  afford  to  rest  on  our  present  reputation. 

The  academic  community  is  already  responding  to  the  issues  raised  in  the  COSEPUP 
report.  CGS  has  just  completed  a  meeting,  with  more  than  100  schools  represented,  where  it  was 
discussed.  The  presidents  and  chancellors  of  AAU  universities  have  requested  their  graduate  deans 
to  carefully  evaluate  the  COSEPUP  report  and  make  recommendation  for  how  universities  ought  to 
respond;  I  am  a  member  of  a  group  of  graduate  deans  carrying  out  that  request.  The  Council  on 
Research  Policy  and  Graduate  Education  (CRPGE)  in  NASULGC  is  similarily  considering  the 
COSEPUP  report. 

The  COSEPUP  recommendations  concerning  timeliness  and  availability  of  databases  are 
noted,  and  if  anything  I  believe  that  they  should  be  given  greater  emphasis.  CGS  published  the 
executive  summary  of  the  COSEPUP  report  in  a  June  1 995  newsletter  and  urged  campuses  to 
convene  discussions  with  those  responsible  for  graduate  education  to  consider  the  report  in  its 
entirety.  Data  on  underemployment  and  non-academic  employment,  particularly  the  work  done  by 
U.S.  Ph.D.  graduates  outside  of  the  academic  environment  is  difficult  to  come  by  and  needs  to  be 
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developed  by  policy  makers  as  well  as  individual  institutions.  This  information  would  allow  our 

institutions  and  students  better  sources  of  information  upon  which  to  base  their  career  decisions. 
Research  money  for  this  type  of  project  is  very  difficult  to  raise  despite  support  from  the  National 
Science  Foundation.  As  Congress  considers  the  NSF  budget  and  other  science  related  agencies,  it 
is  important  that  the  data  gathering  responsibilities  are  left  in  place  and  enhanced  where  possible. 
More  detailed  research,  tracking  the  career  pat>is  of  scientists  and  engineers  by  private  foundations, 
universities,  the  National  Academy  of  Sciences  (NAS)  and  other  sources  of  expertise  should  be 
strengthened  and  supported  by  the  federal  government.  Efforts  by  the  NAS  to  expand  their 
forthcoming  study  of  Ph.D.  programs  with  such  information  were  unsuccessful.  The  Mellon 
Foundation  has  funded  a  small  pilot  study  at  UC  Berkeley,  to  begin  this  work.  Major  efforts  to 
leam  about  multiple,  flexible  career  paths  need  support  from  Federal  science  agencies.  Rapid 
disclosure  and  discussion  among  disciplines,  departments  and  research  teams  are  needed  so  that  our 
young  people  can  have  the  best  information  available  to  them  as  they  plan  their  career  choices. 

Let  me  specifically  answer  the  questions  addressed  in  the  subcommittee  charter  for  this 
hearing. 
1.  Should  enrollment  in  Ph.D.  programs  be  limited? 

Ph.D.  program  enrollment  is  already  naturally  limited  at  a  number  of  levels. 
University  enrollment  decisions  begin  at  the  department  level,  work  through  various 
university  and  state  level  controls,  and  include  consideration  of  the  employment 
market.     In  addition,  the  merit  based  criteria  that  undergird  admission  to  Ph.D. 


'Assessment  Flaws  Seen  in  Pending  Academic  Report,"  in  SfiienCfi-  23  June  1995.  v. 23: 1693-4. 


104 


4 
programs  in  virtually  all  fields  provides  limits  on  a  case  by  case,  department  by 
department  basis.  Statistics  on  graduate  enrollment  indicate  that  market  forces  are 
already  at  work.  CGS  data  show  that  total  graduate  enrollment  has  leveled  off 
following  nearly  a  decade  of  steady  increase.  Moreover,  fu^st  year  enrollment  in  the 
physical  sciences  decreased  by  3  percent  from  1992  to  1993.^  A  recent  study  by  the 
American  Institute  of  Physics  indicates  that  the  number  of  first  year  physics 
graduate  students  in  Ph.D.  granting  departments  decreased  by  20  percent  from  1992 
to  1995  (see  AIP  chart  attached).''  This  suggests  that  the  enrollment  market  is 
already  recognizing  and  taking  into  account  the  changes  suggested  in  the  COSEPUP 
report. 

There  appear  to  be  cycles  in  the  employment  picture  in  various  disciplines. 
In  addition,  recent  Ph.D.  graduates  in  certain  subdisciplines  have  expectations  that 
have  not  been  met  due  to  external  conditions  which  distort  job  market  conditions.  I 
also  see  much  discussion  of  underemployment  in  specific  areas.  Yet  I  am  skeptical 
as  to  whether  these  observations  directly  imply  a  surplus  of  Ph.Ds.  Over  time  both 
markets  and  Ph.Ds  will  adjust  for  jobs  available.  The  COSEPUP  report's  long-term 
data  on  unemployment  reveals  that  Ph.Ds  have  very  low  (approx.  2%) 
unemployment  rates.  The  talk  of  an  oversupply  is  often  focused  on  academic 
employment,  but  a  tight  job  market  for  academic  positions  in  some  disciplines  has 


"  Syverson,  Peter  and  Moira  Maguire.  "Graduate  Enrollment  and  Degrees:    1986-1993,"  CGS/GRE  Survey  of 
Graduate  Enrollment,  December  1994. 

American  Institute  of  Physics  Education  and  Employment  Statistics  Division.  "Number  of  First  Year  Graduate 
Students  Admitted  Into  Physics  Ph.D.  Granting  Departments.  1980-1995." 
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been  the  case  for  years.  As  the  COSEPUP  report  notes,  in  many  science  and 
engineering  fields  there  is  substantial  employment  (exceeding  50%)  outside  of 
academic  institutions.  In  short,  our  information  age  is  making  good  use  of  highly 
trained  individuals  with  good  research  skills.  Job  markets  operate  best  with 
minimal  federal  control.  The  federal  role  should  be  to  support  the  development  of 
data  bases  to  inform  choices  and  to  support  excellence  through  competitive  awards. 
Competition  works! 

(An  additional  question  is  whether  foreign  student  enrollment  should  be 
limited  in  some  way.  CGS  testified  before  the  Congress  in  1992  with  regard  to 
legislation  introduced  at  that  time.  Our  general  recommendation  was  that  foreign 
student  enrollment  not  be  limited  in  the  interest  of  competitiveness  and  excellence. 
I  will  include  a  copy  of  that  testimony  in  the  written  summary  of  my  remarks  for  a 
more  detailed  discussion  of  that  issue.) 

Should  degree  granting  institutions  strictly  control  the  amount  of  time  its  students  are 
enrolled  to  obtain  a  degree? 

The  answer  to  this  question  is  that  there  are  controls  already  in  place. 
Nearly  every  degree  granting  university  that  I  am  familiar  with  has  targeted  time  to 
degree  for  full  and  part  time  students,  with  exceptions  granted  only  by  petition  or  in 
special  circumstances.    It  is  true  that  the  average  overall  time  to  degree  nationally 
has  mcreased  in  many  disciplines  and  the  COSEPUP  report  discusses  in  some  detail 
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a  variety  of  explanations.  Ultimately,  every  individual  institution  and  department, 
or  academic  subgroups  within  institutions  are  responsible  for  the  graduate 
experience,  graduate  education,  and  the  time  to  degree.  Intemal  controls  are  the  best 
for  addressing  this  particular  situation.  Considerable  efforts  are  underway  at 
individual  institutions  to  reduce  time  to  degree.  The  AAU/AGS  publication, 
"Institutional  Policies  to  Improve  Doctoral  Education,"  and  the  CGS  publication, 
"The  Role  and  Nature  of  the  Doctoral  Dissertation,"  both  predate  the  COSEPUP 
report  and  illustrate  the  many  approaches  to  improve  and  make  more  productive 
Ph.D.  programs."  At  Indiana  University  we  have  found  that  the  availability  of  time 
to  degree  data  in  the  hands  of  departmental  and  school  administration  provides  a 
great  impetus  to  address  this  issue  seriously. 

In  addition  to  what  is  discussed  in  this  report,  the  single  largest  variable  in 
time  to  degree  is  probably  the  level  of  support  received.  This  can  vary  greatly  from 
field  to  field  and  from  institution  to  institution  but  it  is  critical  to  have  careful 
monitoring  and  judicious  availability  and  flexibility  of  support  at  the  campus  or  the 
departmental  level.  The  COSEPUP  report  presumes  that  science  and  engineering 
graduate  programs  will  be  improved  if  flexibility  and  versatility  characterize  them  in 
addition  to  some  highly  specialized  skills.  I  strongly  agree  with  these 
recommendations. 


■*  Association  of  American  Universities/Association  of  Graduate  Schools  (AAU/AGS).    "Institutional  Policies  to 
Improve  Doctoral  Education,"  A  Policy  Statement  of  the  Association  of  American  Universities  and  the 
Association  of  Graduate  Schools  in  the  Association  of  American  Universities,  November  1990.    Council  of 
Graduate  Schools  (CGS).  "The  Role  and  Namre  of  the  Doctoral  Dissenation,"  A  Policy  Statement  of  the  Council 
of  Graduate  Schools,  January  1991. 
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In  terms  of  changing  federal  government  support  mechanisms  to  foster  these 
kinds  of  programs,  the  proposal  by  COSEPUP  is  consideration  of  more 
departmental  training  grants  as  opposed  to  research  assistantships.  The  National 
Institutes  of  Health  has  been  doing  this  for  a  number  of  years  and  NSF  has  recently 
revived  a  program  of  traineeships.  In  a  declining  federal  budget,  it  will  be 
exceedingly  difficult  to  shift  support  patterns  away  from  competitive  research 
toward  competitive  traineeships.  Many  of  my  colleague  Graduate  Deans  with 
whom  I've  discussed  this  testimony  oppose  any  efforts  to  reduce  fimding  for 
research,  and  thus  view  any  additional  traineeships  as  threats  to  already  stressed 
resources.  I  disagree.  I  believe  we  should  retain  research  excellence  and  add 
excellence  in  training  as  an  additional  goal  for  which  there  are  award  incentives. 
These  adjustments  need  to  be  carefully  worked  out  between  fiinding  agencies  and 
the  discipline/subdiscipline  fields.  A  guiding  principal  might  well  be  to  move  these 
decisions  down  to  the  program  level  and  let  those  closest  to  graduate  students  and 
research  careers  guide  the  resource  allocations. 

The  federal  agencies  are  quite  capable  of  adjusting  their  criteria  for  research 
excellence  to  include  excellence  in  training  Ph.D.  graduates.  As  Graduate  Deans  v/e 
want  our  institutions  to  continue  to  train  and  graduate  the  problem-solvers  our 
nation  needs.  I  believe  we  will  craft  changes  in  our  own  graduate  programs  that 
broaden  the  horizons  of  interest  and  opportunity  for  future  generations  of  problem- 
solvers.    The  major  problem  that  1  anticipate  at  the  Indiana  University  is  simply 
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keeping  research  budgets  robust  enough  to  allow  a  significant  percentage  of  the 
excellent  ideas  for  graduate  student  research  to  be  funded  in  an  intensely 
competitive  environment. 

Thank  you  for  your  attention  this  morning,  I  am  prepared  to  address  questions  that 

members  of  the  committee  may  have  at  this  time  or  to  respond  to  questions  the  committee  may 

have  in  the  future. 
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Mr.  Bartlett.  Thank  you. 
Dr.  Heindel? 

STATEMENT  OF  DR.  NED  HEINDEL,  DEPARTMENT  OF  CHEM- 
ISTRY, LEHIGH  UNIVERSITY,  [PAST  PRESIDENT  OF  AMER- 
ICAN CHEMICAL  SOCIETY],  BETHLEHEM,  PENNSYLVANIA 

Dr.  Heindel.  I  am  Ned  Heindel,  past  president  of  the  American 
Chemical  Society,  and  I  am  a  professor  of  chemistry  at  Lehigh  Uni- 
versity. 

I  am  somewhat  sorry  that  Congressman  Brown  has  left  the  room, 
because  we  do  have  specific  information  collected  by  the  American 
Chemical  Society  on  the  fate  of  postdoctorates  in  our  field.  We 
tracked  down  62  percent  of  the  Ph.D.  graduates  in  chemistry  fi*om 
the  1987-88  year  to  the  present,  and  we  know  how  many  are 
postdocing  then  and  now.  Frankly,  we  are  a  little  fi*ightened  by  the 
data.  Now  back  to  my  script. 

The  U.S.  graduate  system  in  the  sciences  and  engineering  serves 
this  Nation  well.  In  an  increasingly  competitive  workplace,  the 
rapid  demands  of  science  and  technology  and  the  interdisciplinary 
nature  of  much  modem  research  is  putting  new  demands  on  the 
scientific  and  engineering  community.  Now  more  than  ever  our  sci- 
entists and  engineers  require  highly  developed  skills  for  immediate 
application  in  their  entry  positions  as  well  as  having  the  ability  to 
remain  continually  up  to  date  over  decades. 

The  academy's  report  proposes  appropriate  recommendations  to 
meet  those  growing  concerns,  and  in  particular  the  American 
Chemical  Society  heartily  endorses  the  concept  of  expanding  the 
range  of  activities  that  a  graduate  student  undertakes  while  pursu- 
ing an  advanced  degree. 

The  current  system  is  effective  in  producing  competent  research- 
ers, but  it  is  often  accomplished  at  the  expense  of  some  breadth  of 
training.  Although  a  thorough  grounding  in  a  specialty  is  essential 
for  scientists  and  engineers  to  function  independently,  that  intense, 
world-wide  research  efforts  currently  underway  exploit  those 
specifically-  developed  masteries  honed  and  sharpened  in  univer- 
sity study  within  a  very  few  short  years. 

As  a  result,  researchers  need  to  be  able  to  move  to  more  or  less 
related  areas  to  find  continuing  employment.  The  range  of  science 
presented  to  the  student  is  critical.  In  determining  the  ease  of  this 
lifelong  self-education.  A  broad  knowledge  of  a  given  discipline  and 
an  acquaintance  with  related  or  associated  subjects  is  highly  desir- 
able. 

New  advances  are  often  made  at  the  intersection  of  these  various 
disciplines.  Students  need  to  be  better  prepared  for  post-academic 
careers  by  exposing  them  to  multidisciplinary  efforts  early  in  their 
career,  preferably  by  their  participation  or  alternatively  by  being 
proximate  to  such  activities. 

A  related  research  problem  may  be  chosen  that  combines  two  or 
more  areas,  the  student,  perhaps  working  with  more  than  one  fac- 
ulty member  at  a  time  or  perhaps  working  with  other  students,  in- 
volving different  sets  of  skills  and  expertise.  Learning  a  teamwork 
approach  to  problem  solving  is  essential. 
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Consideration  must  also  be  given  to  broadening  the  criteria  by 
which  faculty  are  rewarded  in  order  to  include  the  effectiveness  of 
their  graduate  and  postdoctoral  education  processes. 

As  a  part  of  the  broadening  effort,  the  American  Chemical  Soci- 
ety endorses  such  recent  programs  as  NSF's  CAREER  and  GOALI 
programs  and  NIH's  biology/chemistry  interface  training  program. 
Programs  such  as  these  provide  students  with  the  flexibility  and 
the  autonomy  to  pursue  broader  research  interests. 

Another  opportunity  that  should  be  considered  is  to  better  enable 
grad  students  to  complete  all  or  part  of  their  thesis  work  in  na- 
tional labs  or  in  an  industrial  setting.  In  general,  the  Society  be- 
lieves that  government  and  industry  should  support,  separately  or 
jointly,  positions  at  universities  and  in  industry  that  can  facilitate 
such  personnel  interchanges.  Fellowships  for  senior  scholars,  in- 
ternships and  co-op  programs.  These  are  all  excellent  mechanisms 
for  such  exchanges. 

So  while  change  is  necessary  to  increase  the  versatility  of  the 
graduate  programs,  special  care  must  be  taken  not  to  lose  the  ex- 
cellence or  the  purpose  for  which  the  advanced  degree  was  created. 
The  ACS  concurs  with  the  report  that  maintaining  local  initiatives, 
controlling  time  to  degree,  and  attracting  a  diverse  group  of  indi- 
viduals into  the  engineering  and  science  disciplines  are  important. 

Looking  now  at  the  second  overarching  set  of  recommendations 
that  focus  on  providing  better  information  and  guidance  on  career 
opportunities,  here  the  ACS  supports  these  heartily.  Combining  im- 
proved information  availability  with  increased  autonomy  and  re- 
search experiences  will  greatly  enhance  the  productivity  of  the 
graduate  education  system. 

In  particular,  market  forces  will  prevail.  Those  faculties  who  are 
successful  in  training  students  and  in  providing  opportunities  for 
successful  careers  for  their  students  will  attract  the  best  students. 
Those  who  take  advantage  of  the  students  for  their  own  research 
agendas  without  regard  to  career  opportunities  for  those  students 
will  ultimately  be  unable  to  attract  top-quality  students. 

Providing  career  information  for  members  is  a  priority  for  the 
American  Chemical  Society.  The  ACS  offers  a  unique  collection  of 
hands-on  programs  of  services  and  of  products  specially  designed  to 
assist  the  professional  and  economic  futures  of  chemists. 

We  are  taking  advantage  of  expanding  our  worldwide  web,  and 
the  Society  is  developing  an  on-line  employment  database  for  the 
chemical  sciences.  That  service  will  be  searchable  by  both  job  seek- 
ers and  job  providers.  The  ACS  is  exploring  the  use  of  the  world- 
wide web  and  satellite  television  to  offer  enhanced  information  on 
chemistry-related  job  opportunities  for  use  by  high  school  students, 
college  students,  and  graduate  career  advisors. 

These  efforts  are  not  enough.  Graduate  faculty  are  the  most  in- 
fluential mentors  and  they  need  to  become  cognizant  that  their  re- 
sponsibilities include  career  development  for  their  students  as  well 
as  developing  the  research  potential  of  students. 

The  ACS  is  beginning  to  explore  just  what  those  needs  are  and 
what  opportunities  exist  to  effectively  reach  faculty  with  that  mes- 
sage. It  is  clear  that  many  different  modes  of  communication  are 
necessary. 
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Focusing  on  the  third  recommendation,  the  Society  would  like  to 
express  concern  regarding  the  establishment  of  a  national  human 
resource  policy  for  advanced  scientists  and  engineers'.  Establishing 
such  a  service  would  be  a  formidable  challenge  and  one  that  would 
require  much  thought  prior  to  implementation. 

As  history  has  demonstrated,  the  need  for  scientists  and  engi- 
neers is  cyclical  and  the  market  is  subject  to  market  forces.  These 
needs  are  difficult  to  project. 

Additionally,  to  produce  a  quality  doctoral  grant  in  any  discipline 
takes  time.  Production  is  not  something  you  can  turn  off  or  turn 
on  like  water  from  a  faucet.  So  while  the  Society  agrees  that  the 
goal  is  desirable,  its  implementation  would  be  difficult  and,  if  done 
incorrectly,  could  be  harmful  to  the  Nation. 

Finally,  considering  the  length  of  time  it  takes  to  earn  an  ad- 
vanced degree,  the  ACS  believes  in  general  that  it  has  become  un- 
necessarily long.  Most  graduate  schools  currently  do  have  a  policy 
that  degrees  must  be  completed  within  some  time  period,  five  to 
seven  years  at  the  moment,  for  example. 

Unfortunately,  abuse  of  these  polices  exists,  and  I  think  that 
abuse  will  become  worse  as  the  number  of  graduate  students  avail- 
able for  graduate  school  decreases.  This  problem  deserves  atten- 
tion. For  example,  the  Federal  Government  should  limit  its  support 
to  only  those  schools  who  have  a  stated  and  enforced  policy  that 
the  doctorate  must  be  earned  within  a  certain  time  period,  seven 
years  for  students  enrolled  full-time. 

An  additional  solution  might  be  the  establishment  of  fellowship/ 
traineeship  programs  that  require  the  university  to  provide  a  plan 
for  course  work  prep.  Those  awards  could  be  structured  so  that 
they  would  include  a  time  limit  of  support.  Extensions  would  re- 
quire that  the  school  show  the  time  to  degree  for  all  doctoral  stu- 
dents is  less  than,  say,  5.5  years. 

That  ends  my  oral  comments.  Thank  you  for  your  attention.  I  too 
will  be  happy  to  answer  any  questions  you  might  have. 

[The  prepared  statement  of  Dr.  Heindel  follows:] 


113 


STATEMENT 


of  the 


American  Chemical  Society 


STATEMENT 

of 

DR.  NED  D.  HEINDEL 

on  behalf  of  the 

AMERICAN  CHEMICAL  SOCIETY 

to  the 

BASIC  RESEARCH  SUBCOMMITTEE 

COMMITTEE  ON  SCIENCE 

U.S.  HOUSE  OF  REPRESENTATIVES 

on 

RESHAPING  THE  GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS 

THURSDAY,  JULY  13,  1995 


^^ 


American  Chemical  Society  •  1155  Sixteenth  St.,  N.W.  •  ^K^hington,  D.C.  20036  •  (202)  8724466 


114 


Mr.  Chairman  and  Members  of  the  Subcommittee: 

My  Name  is  Ned  Heindel.   I  am  the  immediate  Past-President  of  the  American  Chemical  Soci- 
ety and  a  Professor  of  Chemistry  at  Lehigh  University.   I  appear  before  you  today  to  provide  you  with 
the  Society's  perspectives  on  graduate  education,  framed  in  the  context  of  the  National  Academy  of 
Science's  report,  "Reshaping  the  Graduate  Education  of  Scientists  and  Engineers." 

The  U.S.  graduate  system  in  the  sciences  and  engineering  has  served  the  Nation  well.   Our 
past  investment  has  paid  off  handsomely  as  evidenced  by  the  United  States'  technical  abilities  and  its 
strong,  technologically-based  economy.   However,  an  increasingly  competitive  and  demanding  work- 
place, the  rapid  development  of  science  and  technology,  and  the  interdisciplinary  nature  of  much  mod- 
ern research  is  putting  new  demands  on  the  scientific  and  engineering  community.   Industry  is  moving 
rapidly  in  new  directions  to  meet  a  challenging  global  marketplace,  and  universities  and  government 
laboratories  are  adapting  to  new  national  initiatives.   Now,  more  than  ever,  scientists  and  engineers 
require  highly-developed  skills  for  immediate  application  in  their  entry  positions  as  well  as  the  ability  to 
remain  continually  up-to-date  over  decades.  These  new  demands  have  placed  strains  on  the  current 
graduate  educational  system  in  the  United  States.   Evidence  suggests  that  our  current  system  of  gradu- 
ate education  is  not  producing  the  type  of  student  necessary  to  continue  our  Nation's  excellence  into 
the  next  century. 

In  general,  the  Academy's  report  presents  valid  arguments  and  proposes  some  appropriate 
recommendations  to  meet  these  growing  concerns.   In  particular,  the  American  Chemical  Society  heart- 
ily endorses  the  concept  of  expanding  the  range  of  activities  a  graduate  student  undertakes  while  pur- 
suing an  advanced  degree.  The  current  system  is  effective  in  producing  competent  researchers.   How- 
ever, this  is  often  accomplished  at  the  expense  of  the  breadth  of  training.  The  largely  specialized 
graduate  training  of  recent  decades  worked  well  in  the  rather  stable  environment  of  that  period.   Profes- 
sionals developed  expertise  in  new  technical  areas  over  a  period  of  years.   Companies  and  granting 
agencies  took  a  longer  term  view,  which  encouraged  the  scientist  and  engineers  to  develop  and  apply 
new  expertise.  The  increased  rate  of  change  of  world-wide  research  efforts  in  the  recent  past  and  the 
likelihood  that  such  a  pace  will  continue  for  years  to  come,  however,  places  new  demands  on  the  edu- 
cational process  and  on  its  graduates.  Therefore,  while  a  thorough  grounding  in  a  specialty  is  impor- 
tant for  scientists  and  engineers  to  function  independently,  a  broad-based  training  that  fosters  moving  to 
another,  more-or-less  related  area  by  a  researcher  may  be  necessary  for  future  employment. 

Professional  renewal  requires  that  scientists  and  engineers  be  able  to  leam  new  areas  while 
practicing  in  existing  ones.  The  range  of  science  presented  to  the  student  is  critical  in  determining  the 
ease  of  this  lifelong  self-education.  A  broad  knowledge  of  a  given  discipline  and  an  acquaintance  with 
related  or  associated  subjects  is  highly  desirable.  Outside  the  university,  and  increasingly  inside  as 
well,  new  advances  are  often  made  at  the  intersections  of  various  disciplines.   Students  need  to  be 
better  prepared  for  their  post-academic  careers  by  exposure  to  such  efforts  early  in  their  training. 

To  that  end,  graduate  students  must  be  exposed  to  multidisciplinary  research  programs  either 
by  their  own  participation  or  by  proximity  to  such  activities.  A  research  problem  may  be  chosen  which 
combines  two  or  more  areas;  the  student  perhaps  working  with  more  than  one  faculty  member.  Alter- 
natively, two  or  more  students  with  differing  expertise  might  collaborate;  this  latter  mode  is  one  often 
found  in  industry.  Consideration  also  must  be  given  to  broadening  the  criteria  by  which  faculty  are  re- 
warded in  order  to  include  the  effectiveness  of  the  graduate  and  postdoctoral  education  processes. 
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As  a  part  of  this  broadening  effort,  tfie  ACS  endorses  sucfi  programs  as  NSF's  CAREER  and 
GOALI  (Grant  Opportunities  for  Academic  Liaison  with  Industry)  programs  and  NIH's  biology/chemistry 
interface  training  program.  Programs  such  as  these  provide  students  with  the  flexibility  and  the  auton- 
omy to  pursue  broader  research  interests.  Another  opportunity  that  should  be  considered  further  is  to 
better  enable  graduate  students  to  complete  all  or  part  of  their  thesis  work  in  national  laboratories  and 
in  industry.  In  general,  the  Society  believes  that  government  and  industry  should  support,  separately 
and/or  jointly,  positions  at  universities  and  in  industry  to  facilitate  personnel  interchanges.  Fellowships 
for  senior  scholars,  internships,  and  co-op  programs  are  excellent  mechanisms  for  such  exchanges. 

An  interesting  model  that  merits  some  consideration  is  the  recently  developed  German 
Fraunhofer  Institutes.   At  these  institutes,  academic  and  industnal  scientist  work  together  to  explore 
applied  research  opportunities.   Graduate  students  are  therefore  trained  at  the  technology  transfer  inter- 
face. The  European  system  has  introduced  a  new  series  of  conferences  where  graduate  students  meet 
with  industrial  scientists  to  learn  about  career  opportunities  and  research  needs  in  the  various  career 
paths.  Approximately  one-half  of  the  conference  is  spent  on  career  development. 

In  evaluating  the  cause  for  the  overspecialization  of  graduate  students,  it  has  been  stated  that 
too  much  control  of  the  graduate  student's  activities  lies  with  the  thesis  advisor.  At  present,  most  grad- 
uate students  are  supported  through  research  assistanships.  While  research  assistantships  tied  to  aca- 
demic principal  investigators  have  fostered  tremendous  gains  in  science  and  engineering,  the  shift  away 
from  traineeships  and  fellowships  that  has  taken  place  over  a  twenty-year  period  may  be  hindering  the 
opportunities  for  students  to  pursue  a  broad  education  in  the  scientific  and  engineering  knowledge  that 
would  better  prepare  them  for  our  changing  worid.   If  some  training  authority  were  returned  to  the  grad- 
uate student,  some  of  the  conditions  creating  overspecialization  may  be  eliminated.   In  light  of  the  Soci- 
ety's concerns  in  this  area,  ACS  has  encouraged  NSF  to  revisit  the  current  balance  of  support  between 
research  assistantships  and  fellowships/traineeships. 

While  change  is  necessary  to  increase  the  versatility  of  graduate  programs,  special  care  must 
be  taken  to  not  lose  excellence  or  the  purpose  of  the  advanced  degree.  The  ACS  concurs  with  the 
additional  recommendations  made  within  the  Report  that  maintaining  local  initiative,  controlling  time  to 
degree,  and  attracting  a  diverse  group  of  individuals  into  the  scientific  and  engineering  disciplines  are 
important. 

Looking  now  at  the  second  overarching  set  of  recommendations  that  focus  on  providing  better 
information  and  guidance  on  career  opportunities,  the  ACS  supports  these  heartily.   Combining  im- 
proved information  availability  with  increased  autonomy  in  the  graduate  research  experiences  will 
greatly  enhance  the  productivity  of  the  graduate  education  system.   In  particular,  market  forces  will  pre- 
vail and  those  faculty  who  are  successful  in  training  students  and  providing  opportunities  for  successful 
careers  will  attract  the  best  students.  Those  that  take  advantage  of  the  students  for  their  own  research 
agendas,  without  regard  to  career  opportunities,  will  be  unable  to  continue  to  attract  top  quality  stu- 
dents. 

Providing  career  information  for  its  members  is  a  priority  for  the  ACS.   Thirteen,  full-time  em- 
ployees work  in  the  Society's  Department  of  Career  Services.  At  present,  the  Department  offers  a 
unique  collection  of  "hands-on"  programs,  services,  and  products  specifically  designed  to  assist  the 
professional  and  economic  future  of  chemists.  These  services  include  expert  career  assistance,  em- 
ployment services,  workforce  analysis,  workshops  and  presentations,  publications,  and  videos. 
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Our  present  eflorts  are  effective,  but  limited  in  their  ability  to  meet  the  increasing  need.  ACS  is 
seeking  ways,  particularly  through  the  World-Wide-Web  (WWW),  to  take  advantage  of  the  ability  to 
electronically  disseminate  information.   For  example,  the  Society  is  developing  an  employment  data- 
base for  the  chemical  sciences  accessible  through  the  WWW.  The  service  will  be  searchable  to  both 
members  and  nonmembers,  and  by  both  job-seekers  and  job-providers.   It  will  provide  access  to  corpo- 
rate home  pages  and  other  career  service  facilities.  The  ACS  also  plans  to  develop  an  on-line  profes- 
sional database,  complete  with  resumes.   Similarly,  the  Society  is  considering  the  use  of  WWW  and 
satellite-TV  courses  to  enhance  its  current  career  briefs  and  directory  of  chemistry-related  job  opportu- 
nities for  use  by  high  school,  college,  and  graduate  school  guidance  counselors. 

However,  these  efforts  are  not  enough.   Graduate  faculty,  who  are  the  most  influential  mentors, 
need  to  become  cognizant  that  their  responsibilities  include  career  development  as  well  as  developing 
the  research  potential  of  their  students.  This  mean  that  faculty  must  become  knowledgeable  in  the 
ways  industry  functions  and  its  requirements.  ACS  is  beginning  to  explore  what  the  needs  are  and 
what  opportunities  exist  to  effectively  reach  faculty.   It  is  clear  that  many  different  modes  of  communica- 
tion will  be  necessary. 

The  Society  would  like  to  express  some  concern  regarding  the  final  recommendation  of  estab- 
lishing a  national  human-resource  policy  for  advanced  scientists  and  engineers.   Such  an  effort  would 
be  a  formidable  challenge  and  one  that  would  require  much  thought  prior  to  implementation.   As  history 
has  demonstrated,  the  need  for  scientists  and  engineers  is  cyclic  and  subject  to  market  forces.   Further, 
the  need  for  chemists  does  not  necessarily  correlate  with  the  need  for  mathematicians,  or  any  other 
discipline  with  another.  These  needs  are  difficult  to  predict.   Additionally,  to  produce  a  quality  graduate 
In  any  discipline  takes  time.   Production  is  not  something  you  can  turn  off,  and  then  immediately  turn 
back  on  again  like  water  from  a  faucet.  While  the  Society  agrees  that  the  goal  is  desirable,  its  imple- 
mentation will  be  difficult  and,  if  done  incorrectly,  harmful  to  the  Nation. 

The  Society  believes  that  the  time  to  earn  an  advanced  degree  has  become  unnecessarily 
long.   Most  graduate  schools  currently  have  a  policy  that  degrees  must  be  completed  within  seven  to 
ten  years  of  enrollment.   Unfortunately,  abuse  of  these  policies  exists  and  could  become  worse  as  the 
number  of  new  students  available  for  graduate  school  decreases.  This  problem  deserves  attention. 
Options  should  be  studied  such  as  the  federal  government  limiting  its  support  to  only  those  schools  thai 
have  a  stated  and  enforced  policy  that  a  doctorate  must  be  earned  by  full-time  students  within  a  seven- 
year  time-period. 

An  additional  solution  could  be  the  establishment  of  a  fellowship/traineeship  program  that  re- 
quires a  university-provided  plan  for  course  work  breadth.  The  awards  should  be  further  structured  so 
that  they  include  a  time  limit  (e.g.,  four  years).   Extensions  would  require  that  the  school  show  the  time 
to  degree  for  all  doctoral  students  is  less  than  5.5  years. 

The  American  Chemical  Society,  comprised  of  over  150,000  chemical  scientists  and  engineers 
has  been  honored  to  share  its  thoughts  with  you  on  this  vitally  important  issue.   We  hope  our  com- 
ments are  useful,  and  are  always  prepared  to  assist  you  in  your  endeavors  as  warranted. 
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Mr.  Bartlett.  Thank  you  very  much. 
Dr.  Miller? 

STATEMENT  OF  DR.  JOSEPH  MILLER,  SENIOR  VICE  PRESI- 
DENT, CENTRAL  RESEARCH  AND  DEVELOPMENT,  DUPONT, 
WILMINGTON,  DELAWARE 

Dr.  Miller.  Good  afternoon,  Dr.  Bartlett.  If  you  have  time  for 
one  more,  I  won't  take  long. 

I  would  like  to  thank  the  Committee  for  their  invitation  to  dis- 
cuss graduate  education  today.  First,  a  word  of  introduction.  I  am 
Joseph  Miller,  an  organic  chemist.  Senior  Vice  President  for  R&D 
at  Dupont  and  Dupont's  chief  technical  officer. 

Dupont  has  $39  billion  in  sales,  with  an  increasing  volume  out- 
side the  United  States.  These  sales  contribute  to  the  $18  billion 
positive  balance  of  trade  associated  with  the  American  chemical  in- 
dustry in  1994. 

Among  our  more  than  70,000  employees  in  the  United  States  are 
2,500  with  doctorates  and  2,000  with  masters  in  science  and  engi- 
neering. These  products  of  graduate  education  are  our  most  valu- 
able contributors,  trained  in  working  at  the  forefront  of  science  and 
technology,  and  they  are  critical  to  the  company's  competitiveness 
in  the  global  marketplace. 

Increased  competitiveness  has  required  us  to  compress  the  tran- 
sition from  graduate  school  into  the  industrial  laboratory.  Pre- 
viously, a  talented  new  employee  often  had  several  years  to  develop 
expertise  in  an  area  of  interest  to  the  company  and  demonstrate 
performance  as  an  independent  investigator  or  expert  in  a  core 
competency.  If  the  educational  experience  did  not  quite  match  our 
needs,  there  was  time  to  learn. 

Now  the  demands  for  increased  productivity  often  require  rapid 
mastery  of  a  new  technical  area.  Here  breadth  of  education  is  of 
critical  importance  as  the  scientist  or  engineer  so  trained  is  better 
equipped  to  deal  quickly  with  new  intellectual  challenges.  The  indi- 
vidual who  has  learned  how  to  learn,  whose  field  of  expertise  has 
not  been  overly  constrained,  is  better  prepared  for  continued  intel- 
lectual renewal  in  a  multidecade  career. 

In  addition,  the  broad  technical  background  allows  more  effective 
interactions  among  scientists  and  engineers  and  more  effective  uti- 
lization of  the  many  skills  and  resources  found  in  industrial  labora- 
tories. The  formation  of  teams  is  more  natural  and  communications 
more  efficient. 

In  past  decades,  such  broadly  trained  Ph.D.s  were  often  hired 
into  our  central  laboratory.  Some  remained  there  for  much  of  their 
careers.  Most  moved  into  operating  units,  learning  the  business-re- 
lated aspects  on  the  job  or  through  a  multitude  of  training  opportu- 
nities and  internal  transfers,  dispersed  throughout  the  company 
and  rising  in  management.  They  have  provided  strong  scientific 
and  technical  skills  balanced  with  marketing,  manufacturing,  and 
business  expertise  at  all  levels  of  the  organization. 

In  recent  years,  such  well-rounded  doctorates  have  become  rarer. 
But  there  are  substantial  opportunities  in  both  large  and  small 
companies  for  the  more  broadly  Federal  educated  and  adaptable 
Ph.D.s. 
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The  market  for  those  with  doctorates  will  depend  significantly  on 
the  nature  of  their  education.  We  do  not  favor  arbitrary  limits  on 
enrollments  targeted  toward  the  Ph.D.,  but  rather  a  broad  training 
which  will  prepare  the  degree  holder  to  function  in  a  variety  of  po- 
sitions, not  just  the  central  research  laboratory. 

Information  should  be  made  available  to  students  and  faculty 
mentors  as  to  possible  opportunities.  The  GOALI  program  of  NSF 
by  supporting  exchanges  of  personnel  between  academia  and  indus- 
try should  facilitate  such  communications. 

Thus  we  strongly  support  the  COSEPUP  report,  with  its  focus  on 
the  educational  component  of  the  graduate  experience.  This  focus 
can  be  enhanced  by  moving  some  financial  support  from  research 
assistantships  to  fellowships  and  education  training  grants.  These 
last  categories  are  restricted  to  U.S.  citizens.  They  should,  there- 
fore, facilitate  the  recruitment  of  women  and  underrepresented  mi- 
norities, an  objective  in  many  activities  in  industry. 

An  important  perspective  in  the  report  is  considering  graduate 
research  as  an  educational  experience.  To  this  end,  granting  agen- 
cies might  weigh  the  likely  education  benefits  for  the  student  in 
evaluating  research  proposals.  We  feel  that  a  Ph.D.  degree  with 
broad  training  in  courses  and  an  intensive  two-to-three-year  re- 
search program  would  prepare  most  graduate  students  for  indus- 
try. If  the  research  is  multidisciplinary,  perhaps  with  more  than 
one  research  advisor,  perhaps  with  some  time  in  an  industrial  envi- 
ronment, the  benefits  should  be  even  greater. 

Terminal  masters  programs  primarily  devoted  to  courses  but 
with  a  cooperative  period  in  industry  are  appropriate  for  many  in- 
dustrial positions.  A  variant  of  considerable  value  would  combine 
training  in  a  science  with  some  innate  related  engineering  dis- 
cipline such  as  chemistry  with  chemical  engineering. 

While  the  concentration  on  education  in  the  report  is  meritori- 
ous, we  must  not  neglect  the  scientific  contributions  of  graduate  re- 
search. These  have  been  of  great  importance  in  industry  and  will 
continue  to  be  so.  Some  additional  comments  are  given  in  my  writ- 
ten testimony. 

In  the  long  term,  the  Nation's  support  of  basic  research  by  gov- 
ernment and  industry  will  help  to  determine  the  growth  of  our 
economy  and  the  generation  of  new  jobs,  including  those  for  Ph.D.s. 

In  closing,  I  would  like  to  express  my  appreciation  for  this  oppor- 
tunity to  present  some  views  on  graduate  education,  a  topic  of 
great  importance  to  industry.  In  this  time  of  change,  the 
COSEPUP  report  provides  a  thorough  summary  of  significant  is- 
sues and  makes  a  number  of  worthwhile  recommendations. 

Thank  you  very  much. 

[The  prepared  statement  of  Dr.  Miller  follows:] 
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Written  Testimony  For  Basic  Reseiirch  Subcommittee,  July  13,  1995 

J.  A.  MiUer 

DuPont  Central  Research  &  Development 

ExperunentaJ  Statioa 

WUmington,  DE  19880-0328 

Thank  you  Mr.  Chairman  for  the  invitation  tn  discuss  graduate  education  this 
morning.  First  a  word  of  intioduction 

I  am  Joseph  A.  Miller,  Senior  Vice  E*resident  -  Central  Research  &  Development 
and  Chief  Technical  Officer  of  DuPont.  We  are  a  $39  billion  company,  witli  an  increasing 
volume  of  sales  outside  the  United  States,  contributing  to  the  $18  billion  dollar  po.sitive  balance 
of  payments  associated  with  American  chemical  industry  in  1994.  Among  our  more  than 
70,000  employees  in  the  US  are  2^00  with  doctorates  and  2,000  with  masters  in  science  or 
engineering.  These  products  of  graduate  education  are  our  most  valuable  contributors,  trained 
and  working  at  the  forefront  of  technology  and  critical  to  the  Company's  competitiveness  in  the 
global  marketplace. 

It  is  with  some  reluctance  that  I  discuss  graduate  education  as  the  universities 
aJready  have  too  many  outsiders  commenting  on  their  activities.  Still,  with  fewer  opportunities 
in  acadcmia,  greater  attention  to  c^ireers  in  industry  is  appropriate  including  the  recent  changes 
there. 

One  change  is  a  more  compressed  transition  berwcen  graduate  school  and  the 
industriaJ  laboratory  than  in  earlier  decsules.  Previously,  a  talented  new  employee  often  had 
several  yeai-s  to  develop  expeilise  in  ;in  area  of  interest  to  the  Company  and  demonstrate 
pcrfonnance  as  an  independent  investigator  o.-  expert  in  a  core  competency.  If  die  educational 
experience  did  not  quite  match  our  tieeds,  there  was  time  to  learn. 

Now  the  demands  for  increa-scd  productivity  often  requires  rapid  mastery  of  a 
technical  area  somewhat  different  from  that  of  the  doctoral  thesis.  Here,  breadth  of  education 
is  of  critical  importance  as  the  scientist  or  engineer  so-trained  Is  better  equipped  to  deal  quickly 
with  new  intellectual  challenges.  The  individual  who  hiis  "learned  how  to  learn."  whose  field 
of  expertise  has  not  been  overly  constrained,  is  better  prepared  for  continual  intellectual 
renewal  in  a  multi-d«cade  career. 
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III  addition,  the  broad  technical  background  allows  more  eftectivc  iuteiaclions 
botwecD  scientists  and  engineers  and  more  effective  iitllizaiion  of  the  many  bkllls  and  resources 
found  in  industrial  laboratories.  The  formation  of  teams  is  more  natural  and  comnuinicatlons 
more  efficient. 

In  past  decades  such  broadly  trained  PhD'<i  were  often  liired  into  our  central 
laboratory.  Sonne  remained  tl»ere  for  mLich  of  their  careers.  Most  moved  into  operating  units 
learning  the  business-related  aspects  on  the  job  or  through  a  multitude  of  training  opportunities 
and  internal  moves.  Dispersed  throughout  the  Company  and  rising  in  management,  they  have 
provided  strong  scientific  and  technical  skills  balanced  with  marketing/manufacturing  and 
business  expertise  at  all  levels  of  the  organization. 

My  own  experiences  in  graduate  school  and  at  DuPont  illustrate  just  one  of  the 
many  possible  paths  available  in  tlie  past.  I  took  a  variety  of  courses  when  qualifying  for  the 
doctorate  at  Penn  State.  Most  were  in  chemistry  but  a  few  were  in  tlie  chemical  engineering 
department.  Close  relationships  between  the  two  facullie.s  aided  this  crossover. 

At  DuPont,  I  have  l>een  in  10  positions  in  2^)  years  including  R&D,  manufacturing, 
planning,  and  several  businesses.  The  diversity'  of  environments  has  been  endlessly 
stimulating,  requiring  continual  leanutig.  My  pre.sent  position  has  the  charge  to  redirect  a 
superb  research  organiaation  to  provide  more  effective  tcclinical  leadership  for  the  Company. 
The  diversity  of  subjects  to  which  I  ;mi  expasef  I  encnmpa-sse.s  many  aieas  in  the  pliysical  and 
life  sciences,  as  well  seiected  fields  of  engineering;  a  technical  smorgasbord. 

In  retrospect,  my  diverse  graduate  training  provided  the  foundation  on  which  I  and 
DiiPont  have  constructed  my  career.  While  many  changes  have  occuned  in  the  technical 
sphere  in  the  past  three  decades,  tlie  need  for  the  broadly  trained  and  adaptable  PhD  remains. 

In  rec«jnt  years  such  PhD's  have  become  rarer.  Specialization  is  diiven  by  the 
greater  complexity  of  the  science,  poorer  K-12  and  undergraduate  preparation  ;»s  well  as  the 
need  for  research  producdvity  to  ensure  financial  support.  Tliere  will  be  a  continuing  need  for 
.some  well-educated  specialists  throughout  industry  and  recruiting  is  now  focused  on  them  as 
we  strengtlien  our  competencies.  The  concern  with  tliis  specialization  is  that  it  may  become  an 
alternative  to  breadth,  with  tlie  individual  unable  to  adapt  to  new  technologies. 
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The  greater  opportunity  is  for  more  broadly  educated  and  adaptable  PhD's.  The 
market  for  those  with  doctorates  will  dejiend  significantly  on  the  nature  of  their  education.  We 
do  not  favor  arbitrary  limits  on  enrollments  targeted  toward  the  PhD  but  rather  a  broad  training 
which  will  prepare  the  degree  holder  tn  function  in  a  variety  of  positions,  not  just  the  rcse;irch 
laboratoiy. 

Information  should  be  available  to  students  nnd  faculty  mentors  aiv  to  possible 
opportunities.  Tlie  GOAI ,(  program  of  NSF.  by  suppoiting  exchanges  of  per:>oiinel  between 
academia  and  industry,  should  facilitate  such  communications. 

Thus,  we  strongly  support  the  COSEPUP  report  with  its  focus  on  the  educational 
component  of  tlie  graduate  experience.  This  focus  can  be  enhanced  by  moving  some  financial 
support  from  research  assistantships  tn  fellowships  and  education/training  gnmts.  These  last 
categories  are  restricted  to  US  citizens.  They  should  thus  facilitate  the  rtcruitnient  of  women 
and  tmderrepresented  minoritie.s,  an  objective  in  many  activities  in  industry. 

Another  important  point  in  the  report  is  viewing  graduate  re.>iearch  as  an  educational 
experience.  To  facilitate  thi.s  process,  granting  agencies  may  wi.-di  to  give  some  consideration 
to  the  likely  educational  benefits  for  the  student  in  evaluating  research  proposals. 

We  feel  tliat  a  PhD  degree  with  broad  training  in  courses  and  an  intensive  2-3  year 
research  program  will  prepare  most  graduate  students  for  industjy.  If  the  research  is 
multidisciplinary,  perhaps  with  more  than  one  research  advisor,  perhaps  with  some  time  in  an 
industrial  environment,  the  besnefif-s  .should  be  even  greater. 

Terminal  master's  programs,  primarily  devoted  to  courses  but  with  a  short  thesis, 
as  in  a  cooperative  arrangement  with  industry,  arc  appropriate  for  nrumy  industrial  positions.  A 
variant  of  considerable  value  would  combine  training  in  a  science  with  some  in  a  related 
engineering  discipline,  such  as  chcniLstry  with  chemical  engineering. 

While  the  concentration  on  education  in  the  Report  is  meritorious,  wc  must  not 
neglect  the  scientific  contributions  of  graduate  research.  TlKse  have  been  of  great  importance 
to  industry  and  will  continue  to  be  so.  Basic  research  ha.s  been  essential  to  the  modem  DuPont 
Company  and  what  we  have  done  in-liousc  owes  much  to  academia. 
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Still,  It  was  pointed  out  in  1926  by  C.  A  Stine.  tl»€n  Chemical  Director,  that 
university  research  did  not  fill  all  the  existing  gaps  in  scientific  kjiowledge  of  importance  to  the 
Company.  He  suggested  "...including  in  the  Chemical  Department  budget  for  1927  an  item  of 
$20,000  to  cover  what  nvay  be  called  for  want  of  a  better  name,  pure  science  or  fundamental 
research....  The  sort  of  work  we  refer  to  is  work  undertaken  with  the  object  of  establishing  or 
discovering  new  scientific  facts,  (t  i.*;  thus  distinguished  from  what  may  be  called  applied 
research,  which  applies  previous  establislied  scientific  faci-S  to  the  solution  of  practical 
problems."  Out  of  this  vision  came  the  polymer  program  of  Wallace  Carothers  and  much  of 
tlie  DuPont  thai  we  know  today. 

Our  synergistic  relationship  with  university  re,search  has  continued  for  many 
decades.  More  than  60  years  ago  a  clieniical  laboratory  at  Notre  Dame  provided  a  crucial  lead 
for  DuPont's  development  of  neoprene,  our  first  commercially  successful  synthetic  polymer. 
In  the  past  few  years  rectMit  cootributions  from  academia  have  allowed  us  to  improve 
substantially  our  neoprene,  nylon  antl  polyester  processes.  The.se  are  processes  that  support 
businesses  that  are  more  than  50  years  old.  The  development  of  new  polynxers  in  our 
laboratories  owes  much  to  current  programs  in  universities. 

But  Stine's  point  that  universities  cannot  supply  all  our  needs  is  still  valid.  We  are 
establishing  fundamental  research  programs  to  investigate  technical  areas  which  are  of  critical 
importance  to  us.  Here,  the  products  of  the  university  graduate  schools,  hoth  research  and 
students,  ace  essential  to  these  efforts  and  to  our  future. 

In  the  long  term,  the  nation's  support  of  basic  research,  by  government  and 
industry,  will  help  to  determine  the  growth  of  our  economy  and  the  generation  of  new  jobs. 
Including  those  for  PhD's. 

Id  closing  I  would  like  to  express  my  appreciation  for  this  opporttmity  to  present 
som«  views  on  graduate  education.  It  Ls  a  topic  of  great  importance  to  indu.stry.  In  this  lime  of 
change,  the  COSEPUP  report  provides  a  thorough  snmmaiy  of  significant  issues  unci  make-s  a 
number  of  worthwhile  recommendations.  The  conmuttee  and  iLs  chairman  deserve  our 
gratitude  for  providing  such  a  fme  foundation  for  disaission  of  this  critical  subject. 

Thank  you. 
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Mr.  Bartlett.  Thank  you  very  much,  and  thank  all  of  you  for 
your  testimony.  If  I  might  recognize  Mr.  Geren  for  questions  at  this 
time,  and  I  will  return  momentarily  well  before  he  finishes. 

Mr.  Geren.  Mr.  Chairman,  I  don't  have  any  questions. 

[Laughter.] 

Mr.  Bartlett.  Then  I  will  return  very  quickly. 

Mr.  Geren.  I  thank  the  members  of  the  panel  for  their  testi- 
mony. I  think  it  has  been  a  very  illuminating  part  of  this  process 
and  helps  give  balance  to  the  testimony  we  have  had  from  the  peo- 
ple who  work  in  these  agencies. 

I  and  other  members  on  this  side  of  the  aisle  will  be  prepared 
to  submit  written  questions  to  you  as  we  prepare  to  make  the  best 
sense  out  of  what  we  have  heard  fi'om  the  folks  in  the  agencies  and 
what  we  have  heard  from  you.  I  do  very  much  appreciate  your  ex- 
pert insights.  Mr.  Chairman,  I  yield  back  the  balance  of  my  time. 

Mr.  Bartlett.  Thank  you  very  much. 

I  do  have  several  questions,  but  I  would  like  first  to  recognize 
Ms.  Lofgren. 

Ms.  Lofgren.  Thank  you  very  much. 

First,  I  would  just  like  to  thank  all  of  you  for  being  here.  Your 
written  testimony  is  very  helpful,  and  your  oral  testimony,  and  I 
think  it  is  important  for  us  to  think  long  term  about  where  we  are 
going  as  a  country.  Too  often  we  get  caught  up  in  the  emergencies 
of  the  day  and  that  really  brings  me  to  a  question  for  Dr.  Heindel. 

I  was  interested  in  your  comment,  I  am  not  sa5dng  I  agree  or  dis- 
agree, on  whether  we  should  have  a  plan  for  the  development  of 
human  resources.  It  occurs  to  me  that  to  some  degree  America  has 
just  been  lucky.  We  have  been  rich,  we  have  been  more  prosperous 
than  other  parts  of  the  world.  We  haven't  had  to  pay  attention  in 
a  real  strategic  way  to  being  ahead  of  others. 

Now,  I  am  not  suggesting  that  our  country  is  susceptible  to  the 
type  of  planning,  for  example,  that  Singapore  engaged  in.  We  are 
too  diverse.  Th^ik  God  we  are  too  unmanageable  for  that  to  occur. 
Yet  I  also  know  that  if  we  are  looking  ahead  15  years  and  we  are 
looking  at  how  our  children  are  achieving  in  the  fifth  grade  today, 
there  is  only  one  conclusion  we  can  reach,  which  is  we  have  got 
some  problems  there  if  we  expect  those  fifth-graders  to  be  rocket 
scientists. 

I  am  mindful  of  a  client,  a  legal  client  I  have,  gosh,  now,  20,  25 
years  ago.  He  had  done  postdoctoral  work  in  physics  and  I  couldn't 
even  understand  what  he  had  done.  He  was  from  Upper  Volta.  And 
this  guy  was  a  genius,  and  he  was  wanted  by  nimierous  industries 
in  tlus  country  and  the  Defense  Department  had  an  interest.  He 
was  one  of  those  people  who  was  one  of  a  handful  in  the  world  who 
really  was  as  good  as  he  was,  and  he  wanted  to  stay  here  because 
there  was  nothing  for  him  to  do  in  Upper  Volta.  I  think  it  was  par- 
ticle physics  of  some  nature. 

That  is  less  true  today  than  it  was  25  years  ago.  There  are 
emerging  industries  in  Taiwan  and  India  and  China,  and  so  to  the 
extent  that  we  are  able  to  attract  the  very  top  students  of  the 
world.  That  is  going  to  be  less  true  in  15  years  than  it  is  today. 

I  am  just  sort  of  wondering  what  you  think  in  terms  of  your  com- 
ment that  we  shouldn't  engage  in  human  resource  planning.  What 
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do  you  mean  by  that?  What  should  we  be  doing,  given  the  demo- 
graphic factors  that  are  facing  us? 

Dr.  Heindel.  I  meant  that  I  didn't  beheve  there  was  a  case  that 
you  could  make  for  a  numbers  game  when  it  comes  to  human  re- 
source planning.  I  don't  disagree  with  you  that  there  is  a  need  for 
an  outreach  to  minorities  and  luiderrepresented  populations,  but 
we  are  gilready  doing  that  with  a  pretty  good  degree  of  effective- 
ness, with  all  sorts  of  summer  undergraduate  programs,  with  sum- 
mer high  school  programs. 

NIH,  for  many  years,  has  had  a  program  to  bring  students  to 
high  school  level  and  to  cooperative  projects  in  research  univer- 
sities. We  have  got  programs  in  place,  not  those  that  we  talked 
about  today,  to  reach  out  and  make  that  sixth-  or  seventh-grader 
interested  in  science. 

Where  the  American  Chemical  Society  is  worried  about  the  cos- 
mic plan  is  the  inability  to  project  absolute  numbers  of  needs  for 
various  kinds  of  doctoral  grads.  I  think  we  should  particularly  steer 
away  from  that,  but  I  don't  think  there  is  any  reluctance.  There  is 
a  necessity  for  planning  better  quality  science  in  capturing  of  stu- 
dents at  lower  degree  levels. 

Ms.  LOFGREN.  So  you  would  agree  with  Dr.  Wrighton's  comment 
that  the  country  won't  be  worse  off  if  we  have  more  educated  peo- 
ple? I  like  that. 

Dr.  Heindel.  I  think  we  have  to  have  them  be  willing  to  accept 
a  broader  need  for  their  talents.  We  have  unfortunately  tradition- 
ally turned  out  students  who  believe  that  when  their  primary  re- 
search tool  was  a  hammer,  all  problems  resembled  nails,  and 
they've  got  to  be  willing  to  go  out  and  be  in  tech  sales,  tech  service. 
That  is  our  challenge,  to  give  them  that  breadth. 

Ms.  LOFGREN.  By  the  way,  Mr.  Brown  would  appreciate  and  I 
would  very  much  appreciate  and  I  am  sure  the  whole  Committee 
would  appreciate  getting  later  in  writing  the  tracking  you  have 
done  on  the  employment  of  postdocs.  There  is  a  data  deficit  here, 
at  least  on  the  Committee.  It  may  not  be  true  in  the  world,  and 
I  think  if  we  know  what  is  happening  now,  it  helps  us. 

Dr.  Heindel.  May  I  say  quickly  that  some  of  the  surprising 
things  in  last  year's  graduating  class,  over  50  percent  of  the  chem- 
istry Ph.D.s  went  into  postdocs.  That  is  up  from  something  like 
eight  or  nine  percent  a  decade  ago. 

So  there  is  an  incredible  postdoc  bubble  soaking  up  our  grads, 
which  means  that  the  employment  percentage  looks  high. 

The  other  major  frightening  statistic  is  how  many  people  are  still 
on  postdocs  eight,  nine  years  after  receiving  their  Ph.D.  The  cohort 
that  graduated  '87  to  '88  in  chemistry,  about  11  percent  are  still 
out  there  in  unstable,  temporary  postdoc  positions. 

Ms.  LOFGREN.  Thank  you  very  much. 

Mr.  Bartlett.  Thank  you  very  much. 

You  just  mentioned  George  Brown.  I  was  going  to  mention  him. 
He  is  a  Committee  treasure,  and  I  just  wanted  to  express  how 
much  we  appreciate  him  on  our  side  of  the  aisle  also.  He  has  so 
much  enormous  institutional  knowledge  and  good  common  sense 
that  he  is  really  appreciated. 

Dr.  Walker  mentioned  the  problem  of  teaching  versus  research  in 
our  institutions.  I  remember  my  graduate  professor  in  the  univer- 
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sity  mentioned  one  day  one  of  the  great  rewards  of  teaching  and 
that  was  that  in  this  hfe  this  is  the  closest  that  you  could  come  to 
immortality  because  you  live  on  in  your  students. 

I  thought,  what  a  great  philosophy  it  was.  He  was  something  of 
a  philosopher  as  well  as  a  great  scientist.  I  remember  one  day  I 
came  in  one  day  and  he  asked,  "Well,  Roscoe,  what  do  you  know 
today?"  I  said,  "Gee,  I  don't  know  much  today."  He  said,  "We  prob- 
ably can  give  you  a  Ph.D.  then."  And  that  is  something  that  so  few 
people  recognize,  that  one  of  the  requirements  for  a  Ph.D.  is  to  rec- 
ognize how  much  there  is  to  learn  and  how  little  of  that  you  have 
learned. 

Over  the  door  of  most  academic  institutions  is  an  unwritten 
motto  that  says  "publish  or  perish."  This  has  given  rise  to  what 
many  think.  As  a  matter  of  fact,  there  was  a  TV  segment  on  this 
not  very  long  ago,  pointing  out  some  of  the  teaching  problems  in 
some  of  our  best  institutions. 

I  remember  when  I  got  my  doctorate  that  the  department  head 
had  the  notion  that  he  should  put  his  best  teachers  teaching  the 
freshman  courses,  that  the  graduate  students  were  going  to  learn 
in  spite  of  the  teacher.  I  wonder,  are  we  doing  better  at  a  balance 
between  teaching  and  research  in  our  premier  institutions?  Yes, 
sir? 

Dr.  Walker.  I  think  for  a  variety  of  reasons  we  are  making 
progress  there.  I  think  that,  first  of  all,  the  public  scrutiny  and  the 
public  discussion  of  that  has  caused  us  not  only  to  respond  as  you 
would  expect  us  to  respond,  that  they  are  always  connected  and 
that  teaching  and  research  are  just  intertwined  paths  to  learning. 

But  it  has  made  us  relook  at  our  own  priorities  and  how  we  as- 
sign responsibilities.  I  come  fi*om  a  tradition  also  where  the  best 
researchers  were  often  given  the  opportunity  to  teach  physics  for 
elementary  school  teachers.  These  elementary  school  teachers  are 
going  to  get  our  children  when  they  are  six,  seven,  eight  years  old, 
and  if  they  don't  do  the  job,  we  have  got  an  impossible  task  in  front 
of  us  12,  15  years  later. 

So  I  think  that  with  regard  to  departmental  awards,  with  regard 
to  the  priorities  in  the  university,  certainly  the  graduate  school  has 
traditionally  been  an  area,  an  arena  that  is  removed  from  an  indi- 
vidual discipline,  but  looks  overall  at  the  scholarship  of  the  univer- 
sity. 

I  think  the  graduate  school  has  an  important  role  to  play  here 
and  will  be  empowered,  I  think,  by  reports  like  the  COSEPUP  re- 
port to  make  sure  that  at  the  graduate  level  and  at  the  under- 
graduate level  because  our  graduate  students  get  a  lot  of  training 
and  exposure  and  are  role  models  for  undergraduates.  Especially  in 
areas  where  people  are  underrepresented,  you  can  make  an  impor- 
tant difference. 

Mr.  Bartlett.  Thank  you. 

I  am  glad  that  we  are  having  a  focus  on  quality  of  teaching.  That 
hasn't  been  one  of  the  criteria  for  selecting  faculty  members  for  our 
premier  institutions.  I  hope — it  may  be  down  your  list  a  little  bit — 
at  least  I  hope  it  is  on  the  list  of  selecting  faculty  members  for  your 
institutions. 

Our  first  two  speakers  mentioned  in  different  ways  the  indus- 
trial-university partnership,  and  I  was  reminded  of  a  focus  on  that 
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when  some  representatives  from  Johns  Hopkins  University  came 
with  a  problem  that  the  government  had  told  them  that  they  could 
not  apply  any  more  for  funds  to  build  facilities,  that  they  needed 
to  build  the  facilities  themselves  for  research  and  that  then  they 
could  write  off  the  cost  of  those  facilities  as  overhead  as  they  used 
them  through  the  years  in  conducting  their  research. 

Then  there  was  some  taking  advantage  of  the  kinds  of  openness 
that  was  available  in  using  the  funds  that  were  provided  by  gov- 
ernment in  one  of  our  Western  institutions,  and  the  solution  of 
Congress  was  that  we  would  just  fix  that  by  putting  a  cap  on  the 
percentage  of  overhead  that  could  be  included  in  the  grant.  When 
they  did  that  for  Hopkins,  there  wasn't  enough  money  there  to  pay 
for  the  facilities  that  the  government  said  you've  got  to  build  your- 
self and  then  you  can  write  it  off  as  overhead. 

I  asked  them,  "How  much  of  your  funding  is  supported  by  the 
Federal  Government,"  and  their  response  was,  "Over  90  percent." 

My  immediate  response  to  that,  and  I  am  not  talking  now  about 
the  very  premier,  really  premier  institutions  which  take  the  money 
that  is  appropriated  by  the  Congress  and  award  it  to  students  and 
institutions  and  so  forth.  I  am  not  talking  about  the  institution  of 
which  I  am  a  member,  the  Congress.  You  know,  government  in 
terms  of  the  Congress  can  be  enormously  arbitrary  and  capricious, 
and  I  am  concerned  that  90  percent  of  all  of  our  research  dollars 
for  many  of  our  institutions  come  from  government. 

When  we  are  talking  about  an  industrial-university  complex,  I 
wonder  what  your  thoughts  are  that  maybe  the  proper  role  of  gov- 
ernment is  providing  an  environment  in  which  our  institutions,  our 
research  institutions  and  our  industrial  institutions  and  so  forth, 
can  be  incented  to  provide  more  of  their  money  to  support  research, 
to  support  education,  maybe  even  a  total  writeoff  against  the  taxes 
that  they  pay. 

Are  you  concerned  that  90  percent  of  all  the  research  dollars  in 
the  country  come  through  the  government?  By  the  way,  as  you 
know  very  well,  there  is  no  such  thing  as  Federal  dollars;  they  ei- 
ther took  it  from  the  hardworking  American  worker  or  they  took 
it  from  a  business  or  they  borrowed  it  from  our  children  and  our 
grandchildren.  There  is  no  such  thing  as  a  Federal  dollar. 

Your  thoughts  about  the  desirability  of  diversifying  the  source  of 
funding  for  research  and  graduate  training  by  having  the  govern- 
ment create  an  environment  in  which  there  are  more  incentives  for 
contributions  to  this  from  philanthropists,  from  industry  and  so 
forth?  Any  of  you? 

Dr.  Wrighton.  I  will  be  happy  to  take  a  crack  at  that.  I  was  a 
member  of  the  faculty  and  later  a  member  of  the  administration  of 
the  Massachusetts  Institute  of  Technology,  where  we  in  fact  found- 
ed one  of  the  leading  sets  of  partnerships  with  major  industry,  and 
those  turned  out  to  be  very  rewarding  relationships,  on  a  variety 
of  levels,  not  simply  to  provide  research  funding  for  individual 
projects  but  also  to  engage  the  industry  in  true  partnership  in  de- 
fining educational  and  research  programs  more  broadly. 

One  of  the  programs  that  was  inspired  just  before  my  tenure  as 
provost  was  the  leadership  in  manufacturing  program,  which  in- 
volved about  a  dozen  major  U.S.  manufacturers  together  with  MIT, 
crafting  a  curriculum  to  provide  experiences  in  manufacturing. 
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That  turned  out  to  be  a  wonderful  partnership,  true  in  every 
sense  of  that  word.  The  industry  participants  viewed  it  as  much  as 
their  program  as  the  MIT  program.  It  is  not  that  the  government 
necessarily  needs  to  provide  all  the  incentives,  is  my  bottom-line 
point.  I  think  within  the  universities  we  have  our  role  to  play  in 
providing  incentives  to  faculty  and  students  to  be  encouraged  to 
participate,  and  I  think  there  are  ways  of  doing  that,  and  I  look 
forward  to  working  on  those  kinds  of  programs  at  Washington  Uni- 
versity, which,  you  know,  has  one  of  the  strongest  partnerships 
with  the  Monsanto  Corporation. 

Mr.  Bartlett.  Thank  you.  Other  comments?  Yes,  sir? 

Dr.  Miller.  We  at  Dupont  work  very  closely  with  universities. 
Many  of  our  most  important  products  today  were  bom  out  of  inven- 
tions that  were  made  in  collaboration  with  universities.  We  have 
supported  capital  needs  at  universities.  We  don't  believe  in  contract 
research.  We  believe,  however,  it  is  important  to  support  basic  re- 
search in  areas  of  relevance  and  interest  to  us,  and  our  program 
in  collaboration  with  the  universities  has  expanded  because  we 
can't  get  all  of  the  basic  research  we  need  to  get  done  within  our 
own  industrial  laboratories  because  our  businesses  have  become 
very  complex. 

But  we  feel  very  strongly  about  supporting  education  there  and 
education  at  all  levels,  and  have  for  many,  many  years,  and  we  see 
our  program  expanding  naturally  in  support  of  basic  research  at 
universities. 

Mr.  Bartlett.  I  am  pleased  at  this.  Our  Congress  has  in  the  re- 
cent past  had  the  notion  that  a  productive  kind  of  partnership  be- 
tween the  government  and  industry  was  to  require  basic  research 
institutions  to  become  involved  with  industry  and  manufacturing. 

I  just  have  the  feeling  that  basic  research — in  other  words,  I 
have  been  in  both  areas,  I  have  been  very  fortunate,  I  have  been 
awarded  20  patents  and  I've  made  work  for  major  industries.  I  just 
feel  that  basic  research,  you  know,  you  seek  knowledge  for  the  sake 
of  knowledge,  and  I  have  even  heard  such  thoughts  here  as  that 
the  responsibility  of  the  government  is  to  promote  directed  basic  re- 
search. I  think  that  is  an  oxymoron. 

I  don't  understand  if  it's  research,  and  I  say,  "What  do  you  mean 
by  that?"  They  say,  "Well,  we  want  to  support  research  that  has 
societal  payoff."  I  say,  "What  societal  payoff  do  you  imagine  Ma- 
dame Curie  thought  of  when  she  made  her  first  early  investiga- 
tions?" 

I  think  research  will  have  the  greatest  society  payoff  when  we 
seek  knowledge  for  the  sake  of  knowledge  and  we  have  no  con- 
straint on  where  the  search  for  knowledge  leads  us.  Do  you  gen- 
erally concur  with  that  philosophy? 

Dr.  Heindel.  May  I  comment  briefly  on  that?  I  would  refer  you 
to  an  oft-repeated  and  oft-published  speech  of  Roland  Schmitt,  a  re- 
tired president  of  Renssalaer,  given  in  many  public  arenas,  in 
which  he  makes  the  case  that  you  are  unlikely  to  discover  some 
fundamental,  basic  science  principle  when  looking  for  an  applied 
one  as  you  are  to  discover  something  commercially  useful  when 
looking  for  something  basic." 

You  have  got  to  remember  I  wear  another  hat.  I  teach  at  a  sec- 
ond-tier institution,  at  Lehigh.  Thirty  percent  of  our  money  comes 
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from  the  Federal  Government;  the  rest  comes  from  industry.  In  my 
mindset,  where  we're  going  to  draw  the  hne  between  basic  and  ap- 
pUed  research  is  going  to  be  different  from  Dr.  Wrighton's,  to  my 
right.  We  do  a  fair  amount  of  industrial  contract  work,  and,  boy, 
does  it  prepare  the  students  well  for  jobs  in  the  real  world.  It  also 
prevents  them  from  becoming  narrow  and  entrenched,  because  fre- 
quently the  projects  are  only  one  year's  duration.  So  a  student  gets 
to  learn  two  or  three  different  things  on  the  way  to  achieve  it. 

But  Roland  Schmitt  makes  the  point  that  Pasteur,  when  em- 
ployed by  the  French  Vintner  Association  to  discover  the  reason 
wine  turned  tart  with  age,  fundamentally  discovered  the  field  of 
microbiology. 

He  gives  the  example  of  an  AT&T  employee  named  Jansky,  who, 
trying  to  discover  the  source  of  static  in  long-distance  phone  lines, 
ran  a  wire  through  a  Kansas  cornfield  and,  in  so  doing,  discovered 
the  source  of  static  being  from  the  heavens  and  launched  the  field 
of  radio  astronomy. 

So  we  have  the  to  be  a  little  careful  on  where  we  draw  this  basic 
and  applied  line.  We  can  still  contribute  to  the  total  knowledge  pool 
sometimes  when  we  really  have  a  mission  that  we  are  involved  in. 

Mr.  Bartlett.  There  is  a  TV  ad  on  the  discovery  of 
polycarbonates,  the  role  of  serendipity.  It  occurs  in  research.  It  oc- 
curs in  science.  I  think  what  you  are  referring  to  is  the  kind  of 
open-mindedness,  the  willingness  to  explore  opportunities  that  un- 
expectedly develop  whether  you  are  pursuing  applied  research  or 
whether  you  are  pursuing  basic  research.  Anyone  else  have  a  com- 
ment in  this  area? 

Dr.  Walker? 

Dr.  Walker,  The  only  pause  I  have,  first,  let  me  say  what  I 
think,  I  guess  are  the  positives.  I  think  if  you  have  diverse  sources 
of  funding,  there  can  be  a  certain  enrichment  there.  The  patrons 
have  different  perspectives,  and  will  bring  different  kind  of  prior- 
ities, perhaps.  I  think  that  is  to  the  good. 

What  I  am  concerned  about  is  if  one  assumes  that  another  part 
of  our  country  will  come  in  and  take  over  the  support  and  it  doesn't 
really  manifest  itself,  for  a  variety  of  other  reasons.  So  that  is  the 
only  caution. 

Mr.  Bartlett.  That  government  needs  to  be  there  as  a  safety 
net?  This  is  very  consistent  with  the  fundamental  philosophy  that 
I  have — it  is  not  mine,  it  started  a  long  time  ago  by  Abraham  Lin- 
coln— which  said  that  government  should  do  for  its  citizens  only 
what  they  cannot  do  for  themselves.  I  have  no  problem  with  stating 
that. 

I  have  two  brief  questions  that  I  want  to  explore  with  you.  One 
is  a  problem  I  have  had  for  quite  a  while.  The  focus  of  the  hearings 
today  have  been  on  graduate  education  and  here  there  is  no  ques- 
tion that  we  have  the  premier  institutions  in  all  the  world  and  the 
top  graduate  students  from  all  the  world  tend  to  come  here. 

Recognizing  that,  one  wonders  why  we  have  another  problem.  I 
worked  for  IBM  for  eight  years  and  then  left  about  20  years  ago, 
and  while  I  worked  there,  we  recognized  that  unless  we  did  some- 
thing in  this  coiuitry  to  change  the  quantity  and  quality  of  grad- 
uates that  we  were  producing  in  science,  math,  and  engineering, 
that  IBM  could  no  longer  maintain  its  superiority  in  computers,  the 
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United  States  was  not  going  to  maintain  its  superiority  in  comput- 
ers. Japan  was  the  country  that  was  producing  the  quality  and 
quantity  of  scientists,  mathematicians,  and  engineers  who  were 
likely  to  become  dominant  in  this  era. 

That  pretty  much  happened.  I  am  delighted,  with  Sematek  and 
some  recent  advances,  that  we  are  recapturing  some  of  that  cut- 
ting-edge technology  in  this  country. 

But,  you  know,  what  is  happening  in  this  country  whereas  at  the 
graduate  level  we  clearly  have  the  premier  institutions  in  all  the 
world,  how  can  we  fail  to  produce  the  kinds  of  scientists,  mathe- 
maticians, and  engineers  that  drive  our  industrial  complex  at  the 
lower  levels? 

This  is  a  reality  that  I  think  most  of  us  recognize.  Is  there  some 
thought  being  given  to  that?  I  know  Newt  Gingrich,  in  his  descrip- 
tion of  some  of  the  factors  that  cause  us  to  stop  and  take  notice, 
one  of  them  is  that  we  are — and  I  have  taught  for  a  while  at  a  com- 
munity college,  and  this  is  literally  true — ^we  are  graduating  18- 
year-olds  who  literally  cannot  read  their  diploma. 

What  is  happening?  What  do  we  need  to  do  about  it?  Have  you 
insights?  If  you  have  insights  after  thinking  about  it,  we  would  be 
very  happy  to  have  those  submitted  for  the  record,  because  this  is 
a  problem  which  is  just  kind  of  astounding,  that  we  should  do  such 
a  phenomenal  job  at  the  graduate  level  and  to  fail  so  utterly  at  the 
level  that  we  are  producing  the  men  and  women  who  are  driving 
our  industry.  What's  wrong?  What  can  we  do  about  it?  Yes,  sir? 

Dr.  Heindel.  Let  me  make  a  brief  comment  on  that.  I  have  be- 
come increasingly  aware  that  there  is  a  tendency  on  the  part  of 
much  of  our  student  generation  to  want  to  get  out  into  the  real 
world.  A  sizable  slug  of  the  high  school  graduating  class  that  could 
go  on  to  college  just  wants  to  get  out  and  work.  "I  am  tired."  And, 
boy,  do  you  find  those  undergraduates  at  the  bachelors  level. 

Talent  that  could  go  on  and  receive  more  training  and  become 
more  productive  wants  to  leave  and  get  on  with  employment. 

I  think  the  need  in  all  of  our  disciplines  is  to  focus  a  little  more 
on  continuing  education,  taking  that  person  on  the  job  and  helping 
them  acquire  the  skills,  talents,  leadership  through  interaction 
with  universities.  I  think  satellite  education  is  an  excellent  way  to 
do  this,  and  I  see  some  companies  taking  leadership  positions. 

We  just  signed  a  contract  with  Merck  to  upgrade  a  group  of  mi- 
nority employees  to  technician  status.  They  are  just  high  school 
graduates.  It  is  going  to  be  essentially  an  interactive  satellite  de- 
gree to  make  them  process  technologists  in  fermentation  process 
lines. 

So,  some  companies  are  pajdng  attention  to  the  need  to  take  the 
talent  that  has  gotten  into  the  first  entry-level  position  and  build 
them  beyond  that. 

Mr.  Bartlett.  I  am  very  pleased  that  industry  is  helping  to  cor- 
rect a  systemic  problem  that  exists.  I  am  concerned  when  our  stu- 
dents spend  half  the  hours  of  our  economic  competitors  in  science, 
math,  and  engineering.  I  am  concerned  when  our  students  will 
spend  more  time  seeing  murders  on  television  than  they  will  doing 
deciphering  in  their  classrooms. 

In  a  small  way,  I  try  to  do  something.  I  support  the 
Superconducting  Super  Collider.  I  support  the  space  station  be- 
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cause  I  think  we  need  to  have  something  as  a  country  to  look  to 
to  feel  good  about,  to  feel  proud  about.  I  think  we  need  to  have 
something  that  captures  the  imagination  and  inspires  our  young 
people  to  say,  "Gee,  that's  challenging.  That's  fun.  I  want  to  be  a 
part  of  that." 

You  know,  I  am  challenged  by  the  fact  that  we  could  do  the  kinds 
of  things  that  we  might  have  done  with  the  Superconducting  Super 
Collider.  We  might  have  provided  the  missing  evidence  that  people 
like  Stephen  Hawking  need.  He  is  doing  what  to  me  is  a  very  excit- 
ing thing.  He  is  trying  to  mathematically  bring  together,  tie  to- 
gether in  a  consistent  kind  of  a  way,  in  a  unified  way  some  of  the 
great  mysteries  of  the  universe. 

I  thinik  that  is  exciting,  and  I  think  that  we  have  an  obligation 
to  convey  that  excitement  to  our  young  people  who  don't  see  excite- 
ment there.  They  don't  see  it  in  the  laboratory,  but  they  see  it  in 
front  of  a  judge  in  a  courtroom.  You  know,  I  just  think  that  we 
need  to  do  a  number  of  things  to  inspire  our  bright  young  people. 

Dr.  Walker? 

Dr.  Walker.  I  agree.  Also,  this  may  not  be  something  that  every- 
one can  agree  to,  but  I  believe  that  both  the  high  school,  primary, 
and  undergraduate  levels  and  at  all  of  those  levels,  that  young  peo- 
ple will  respond  to  the  expectations  we  have  for  them.  I  think  that 
we  have  a  responsibility,  those  of  us  in  education,  to  expect  more. 
We  need  to  do  a  better  job  in  what  we  do,  but  we  need  to  make 
a  clear  and  consistent  message  to  students  that  they  have  certain 
responsibilities,  also,  and  we  expect  more  of  them, 

Mr.  Bartlett.  Just  one  last  question  and  observation.  Both  Dr. 
Heindel  and  Dr.  Miller  mentioned  the  problem  of  focus  versus 
depth.  Knowledge  is  expanding  exponentially.  It  is  impossible  to 
know  enough,  even  about  a  narrow  specialty.  But  I  have  the  feeling 
that  many  of  the  great  problems  that  we  need  to  solve  are  not 
going  to  be  solved  so  much  by  the  narrowly  focused  specialist,  who 
more  and  more  tends  to  publish  not  for  the  general  audience  but 
for  a  dozen  or  two  professional  elites  that  are  going  to  be  reading 
his  papers. 

How  do  we  move  so  that  we  have  adequate  focus  on  the  detail 
that  we  need  to  have  and  yet  we  are  developing  the  kind  of  gener- 
alists  that  can  use  information  fi-om  different  disciplines  to  solve 
something? 

You  know,  I  don't  think  cancer  is  going  to  be  solved.  We  need  to 
focus  on  a  number  of  very  specific  areas,  but  I  think  maybe  some 
of  the  solutions  are  going  to  be  because  we  have  some  generaUsts. 
You  know,  the  renaissance  man  is  vanishing  fi*om  our  society,  and 
you  all  mentioned  that  problem.  You  talked  about  focus  versus 
depth.  What  do  we  do  about  it? 

Yes,  sir.  Dr.  Walker? 

Dr.  Walker.  I  think  that  encouraging  students  to  work  in  inter- 
disciplinary teams  does  a  variety  of  things.  It  will  ultimately  ex- 
pose them  to  a  variety  of  different  disciplinary  cultures  and  will 
broaden  their  training  when  they  are  not  looking,  because  they  will 
be  talking  to  different  kinds  of  people. 

But  it  may  well  be  that  the  kinds  of  problems  that  we  are  facing 
now,  while  an  individual  may  need  breadth,  you  also  need  a  group 
of  people  to  come  together  that  have  a  breadth  of  training,  and  I 
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think  at  the  graduate  level  we  need  to  make  sure  that  our  students 
have  exposure  to  working  in  interdisciplinary  teams  more  than  we 
do  now. 

Mr.  Bartlett.  Thank  you  all  very  much.  I  don't  need  to  ask  my 
colleagues  if  they  have  any  questions. 

[Laughter.] 

Mr.  Bartlett.  Let  me  tell  you  what  a  great  privilege  this  was 
for  me  to  have  the  opportunity  of  dialoguing  with  some  of  the  lead- 
ers in  education  in  our  country.  Thank  you  very  much  for  your  con- 
tributions, and  I  hope  that  this  kind  of  dialogue  continues  because 
there  are  some  very  meaningful  questions  we  need  to  address. 

Thank  you  very  much.  We  stand  in  adjournment. 

[Whereupon,  at  1:30  p.m.,  the  Subcommittee  was  adjourned.] 
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In  1993,  the  Committee  on  Science,  Engineering,  and  Public  Policy  (COSEPUP)  issued 
a  report  entitled  Science,  Technology,  and  the  Federal  Government:  National  Goals  for  a  New 
Era  (the  Goals  report),  which  proposed  a  framework  for  federal  policy  to  support  science  and 
technology.  During  the  preparation  of  the  report,  it  became  apparent  that  a  complete 
discussion  of  the  science  and  technology  enterprise  would  require  an  examination  of  the 
process  by  which  scientists  and  engineers  are  educated.  If  scientists  and  engineers  are  to 
contribute  effectively  to  national,  scientific,  and  technological  objectives,  their  educational 
experience  must  prepare  them  to  do  so.  The  present  report  can  be  considered  a  companion 
volume  to  the  Goals  report. 

Several  key  questions  guided  the  committee  during  its  initial  deliberations: 


•  What  are  typical  career  paths  for  scientists  and  engineers,  and  how  have  they 
changed  in  recent  years? 

•  Given  present  career  paths,  what  are  the  most  appropriate  structures  and 
functions  for  graduate  education? 

•  How  can  science  and  engineering  graduate  students  be  prepared  for  a  variety 
of  careers  in  teaching,  industry,  government,  and  other  employment  sectors,  in  addition  to 
research? 

•  Are  we  producing  the  right  numbers  of  PhDs?' 

•  What  should  be  the  nation's  goals  for  graduate  science  and  engineering 
education? 


'  Because  of  the  concerns  regarding  PhD  unemployment,  the  report  focuses  on  the  PhD. 
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In  attempting  to  answer  those  questions,  we  found  important  gaps  in  our  knowledge 
of  employment  rates  and  patterns.  It  has  proved  difficult,  for  example,  to  determine  where 
PhDs  are  and  what  they  are  doing  in  nonacademic  positions  or  to  determine  accurately  either 
unemployment  rates  of  scientists  and  engineers  or  the  extent  of  underemployment,  especially 
among  recent  graduates,  because  of  the  lack  of  timely  data.  In  fact,  we  were  sufficiently 
troubled  by  the  lack  of  generally  available  information  to  conclude  that  smdents",  professors', 
and  mentors'  lack  of  accurate,  timely,  and  accessible  data  on  employment  trends,  careers,  and 
sources  of  student  support  is  a  serious  flaw  in  our  education  system. 

This  deficiency  makes  it  difficult  for  potential  and  current  graduate  smdents  to  make 
well-informed  decisions  as  to  whether  and  where  to  enter  graduate  school.  It  also  hampers 
the  faculties  at  our  universities  in  preparing  their  smdents  adequately  for  the  full  range  of 
professional  careers  in  science  and  engineering.  Therefore,  the  committee  faced  a 
dilemma— whether  to  make  recommendations  despite  gaps  in  current  understanding  or  to 
counsel  delay  until  such  understanding  is  attained.  It  proceeded  to  make  recommendations 
now  because  students,  universities  and  colleges,  professors,  mentors,  funding  agencies, 
employers,  and  others  must  make  decisions  today  that  will  affect  the  careers  of  science  and 
engineering  smdents  for  the  rest  of  their  lives. 

The  recommendations  in  this  report  reflect  a  common  theme.  Many  of  the  job 
oppormnities  of  the  fiimre  will  favor  smdents  with  greater  breadth  of  academic  and  career 
skills,  so  the  universities  and  their  partners  in  the  graduate -education  enterprise  should 
therefore  cooperate  to  broaden  curricular  options  for  graduate  smdents. 

We  hope  this  report  will  be  useful  not  only  for  university  presidents,  provosts,  deans, 
and  others  in  the  decision-making  strucWre  of  universities,  but  also  for  all  instimtions  and 
individuals  who  are  part  of  the  graduate-education  enterprise:  federal  and  state  government,"^ 
industry  and  business,  and  faculty,  mentors,  and  smdents  at  both  the  graduate  and 
undergraduate  levels. 

The  committee  acknowledges  the  invaluable  information  and  opinions  received  from 
a  variety  of  sources.  We  convened  more  than  a  half-dozen  panels  of  experts  from  academe, 
government,  industry,  foundations,  and  other  sectors.  The  panel  members  are  listed  in 
Appendix  E.  A  call  for  comments  to  scientists,  engineers,  administrators,  smdents,  and 
educators  across  the  country  drew  more  than  100  thoughtful  replies,  many  of  them  reflecting 
exceptional  care;  some  correspondents  even  conducted  informal  surveys  within  their  own 
instimtions.  Those  responding  to  the  call  for  comments  are  listed  in  Appendix  D  and  their 
thoughtful  responses  are  provided  in  Appendix  F.  In  addition.  Appendix  G  summarizes  a 
survey  we  sent  to  graduate  smdents  asking  what  information  they  need  to  make  decisions. 
The  committee  also  made  use  of  continuing  work  by  the  National  Research  Council's  Office 
of  Scientific  and  Engineering  Personnel. 


■  There  is  a  lack  of  adequate  information  about  educational  and  funding  activities  at  the  state  level.    The 
states  have  suppoHed  graduate  education  for  many  years,  and  a  number  of  state  governments  and  agencies 
have  initiated  innovative  ways  to  broaden  graduate  education  through  interactions  with  industry,  government, 
and  community  groups. 
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The  production  of  the  report  was  the  resuh  of  hard  work  by  the  committee  as  a  whole 
and  by  the  extra  effort  of  the  Guidance  Group  (consisting  of  Arden  Bement,  Mary  J.  Osbom, 
David  Challoner,  Alexander  Flax,  and  me),  which  convened  between  regular  committee 
meetings.  The  project  was  aided  by  the  invaluable  help  of  COSEPUP  professional  staff: 
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PHILLIP  A.  GRIFFITHS 

Chair 

Committee  on  Science,  Engineering,  and  Public  Policy 
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FRAMING  THE  ISSUE 


Scientists  and  engineers  with  PhD  and  other  advanced  degrees  play  a  central  and  growing 
role  in  American  industrial  and  commercial  life.  The  traditional  process  of  graduate  education 
to  the  doctoral  level,  organized  around  an  intensive  research  experience,  has  served  as  a  world 
model  for  the  advanced  training  of  scientists  and  engineers. 

Graduate  education  is  basic  to  the  achievement  of  national  goals  in  two  ways.  First,  our 
universities  are  responsible  for  producing  the  teachers  and  researchers  of  the  future— the 
independent  investigators  who  will  lay  the  groundwork  for  the  paradigms  and  products  of 
tomorrow  and  who  will  educate  later  generations  of  teachers  and  researchers.  Second,  graduate 
education  contributes  directly  to  the  broader  national  goals  of  technological,  economic,  and 
cultural  development.  We  increasingly  depend  on  people  with  advanced  scientific  and 
technological  knowledge  in  our  collective  efforts  in  developing  new  technologies  and  industries, 
reducing  environmental  pollution,  combating  disease  and  hunger,  developing  new  sources  of 
energy,  and  maintaining  the  competitiveness  of  industry.  Our  graduate  schools  of  science  and 
engineering  are  therefore  important  not  only  as  sources  of  future  leaders  in  science  and 
engineering,  but  also  as  an  indispensable  underpinning  of  national  strength  and 
prosperity— sustaining  the  creativity  and  intellectual  vigor  needed  to  address  a  growing  range  of 
social  and  economic  concerns. 

As  we  approach  the  21st  cenmry,  our  graduate  schools  face  challenges  both  within  and 
outside  the  academic  setting.  Many  disciplines  of  science  and  engineering  are  undergoing  rapid 
and  pervasive  change,  and  many  aspects  of  modern  life  are  increasingly  dependent  on  emerging 
technologies  and  the  scientific  frameworks  from  which  they  evolve.  New  national-security 
challenges,  expanded  economic  competition,  urgent  public-health  needs,  and  a  growing  global 
awareness  of  environmental  deterioration  bring  new  opportunities  for  varied  careers  in  science 
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and  engineering.  We  expect  our  graduate  scientists  and  engineers  to  continue  the  expansion  of 
fundamental  knowledge  and  to  make  that  knowledge  useful  in  the  world.  A  world  of  work  that 
has  become  more  interdisciplinary,  collaborative,  and  global  requires  that  we  produce  young 
people  who  are  adaptable  and  flexible,  as  well  as  technically  proficient. 


A  TIME  OF  CHANGE 


The  US  system  of  graduate  education  in  science  and  engineering  is  arguably  the  most 
effective  system  yet  devised  for  advanced  training  in  these  fields.  By  carrying  out  graduate 
education  in  institutions  where  a  large  portion  of  the  nation's  best  research  is  done,  the 
universities  have  created  a  research  and  training  system  for  scientists  and  engineers  that  is  one 
of  the  nation's  great  strengths. 

The  present  US  system  of  graduate  education  evolved  when  the  demand  for  research  was 
either  stable  or  rising.  The  national-security  demands  of  the  Cold  War  and  domestic  priorities, 
such  as  health,  stimulated  and  supported  a  strong  science  and  technology  infrastructure, 
including  graduate  education.  Our  dominant  economic  and  technological  position  in  the  world 
allowed  us  to  exert  clear  international  leadership  and  permitted  us  to  influence  both  the  progress 
of  science  and  the  rate  of  technology  development  and  introduction. 

That  situation  is  now  changing.  The  end  of  the  Cold  War,  the  rapid  growth  of 
international  competition  in  technology-based  industries,  and  a  variety  of  constraints  on  research 
spending  have  altered  our  market  for  scientists  and  engineers.  Furthermore,  the  United  States 
has  traditionally  opened  its  doors  to  students  from  other  countries.  In  recent  years,  the  number 
of  foreign  science  and  engineering  students  enrolled  in  US  graduate  schools  and  the  number 
receiving  PhDs  have  risen  unusually  rapidly. 

The  demand  for  scientists  and  engineers  has  remained  strong.  However,  there  are 
indications  that  there  is  a  slowdown  in  the  growth  of  university  positions  and  that  we  can  expect 
a  fundamental  change  in  science  and  engineering  employment— a  reduction  in  the  demand  for 
traditional  researchers  in  some  fields.  This  employment  situation  has  already  contributed  to  a 
frustration  of  expectations  among  new  PhDs.  Major  industrial  sectors  have  also  reassessed  their 
needs  and  reshaped  their  research,  development,  and  business  strategies.  And  new  research  and 
development  needs  have  arisen  in  emerging  production,  service,  and  information  enterprises. 
The  increasing  rate  of  change  suggests  a  need  for  scientists  and  engineers  who  can  readily  adapt 
to  continuing  changes. 

Government  laboratories  and  other  facilities  are  also  undergoing  change.  In  some 
instances,  research  and  development  foci  are  shifting.  In  others,  government  and  its  contractor 
scientists  and  engineers  are  being  challenged  to  build  linkages  with  industry  and  universities. 
Some  departments  and  agencies  are  reorganizing  and  shrinking.  Moreover,  government 
spending  on  research  and  development  is  expected  to  be  constrained  in  the  next  few  years.  That 
places  direct  pressure  on  research  and  development  performed  by  universities  and  government 
and  indirect  pressure  on  research  and  development  performed  by  industry  under  government 
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contracts. 

Hence,  the  three  areas  of  primary  employment  for  PhD  scientists  and 
engineers— universities  and  colleges,  industry,  and  govertunent— are  experiencing  simultaneous 
change.  The  total  effect  is  likely  to  be  vastly  more  consequential  for  the  employment  of 
scientists  and  engineers  than  any  previous  period  of  transition  has  been.  Some  believe  that  the 
nation's  teaching  institutions  are  entering  a  period  when  the  number  of  new  PhDs  should 
somehow  be  capped  (we  return  to  this  point  later).  Although  many  recent  graduates  are 
frustrated  by  their  inability  to  find  basic-research  positions,  it  appears  that  the  growth  in 
nonresearch  and  applied  research  and  development  positions  is  large  enough  to  absorb  most 
graduates.  However,  such  employers  complain  that  new  PhDs  are  often  too  specialized  for  the 
range  of  tasks  that  they  will  confront  and  that  they  have  a  difficult  time  in  adapting  to  the 
demands  of  nonacademic  work. 

A  broader  concern  is  that  we  have  not,  as  a  nation,  paid  adequate  attention  to  the  function 
of  the  graduate  schools  in  meeting  the  country's  varied  needs  for  scientists  and  engineers.  There 
is  no  clear  human- resources  policy  for  advanced  scientists  and  engineers,  so  their  education  is 
largely  a  byproduct  of  policies  that  support  research.  The  simplifying  assumption  has  apparently 
been  that  the  primary  mission  of  graduate  programs  is  to  produce  the  next  generation  of 
academic  researchers.  In  view  of  the  broad  range  of  ways  in  which  scientists  and  engineers 
contribute  to  national  needs,  it  is  time  to  review  how  they  are  educated  to  do  so. 

The  approach  that  is  presented  in  this  report  is  based  on  reshaping  the  current  PhD 
experience  and  improving  students'  ability  to  make  good  career  choices.  Alternative  approaches 
were  examined  during  the  study  but  were  not  endorsed.  One  would  be  to  control  graduate 
enrollments  directly,  presumably  on  the  basis  of  expected  employment  needs.  Among  the 
problems  with  this  approach  are  the  questionable  reliability  of  employment  forecasts  and  the 
practical  difficulty  of  implementing  it.  Another  strategy  would  be  to  create  a  new  type  of 
degree— a  "different  doctorate,"  perhaps— that  entails  less  intensive  research  experience  and  is 
intended  to  prepare  students  for  nonresearch  careers.  Employers  told  us,  however,  that  they 
value  the  requirement  for  original  research  that  is  a  hallmark  of  the  PhD,  and  we  see  little 
demand  for  a  hybrid  degree.  Our  approach,  we  believe,  will  make  the  current  system  self- 
adjusting  at  a  time  when  change  is  certain  but  the  nature  of  the  change  cannot  be  predicted. 


SUMMARY  OF  RECOMMENDATIONS 


The  process  of  graduate  education  is  highly  effective  in  preparing  students  whose  careers 
will  focus  on  academic  research.  It  must  continue  this  excellence  to  maintain  the  strength  of  our 
national  science  and  technology  enterprise.  But  graduate  education  must  also  serve  better  the 
needs  of  those  whose  careers  will  not  center  on  research.  More  than  half  of  new  graduates  with 
PhDs— and  much  more  than  half  in  some  fields,  such  as  chemistry  and  engineering— now  ^nrf 
work  in  nonacademic  settings.   This  fraction  has  been  growing  steadily  for  2  decades. 

We  recommend  that  the  graduate-education  enterprise— particularly  at  the  department 
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level— implement  several  basic  reforms  to  enhance  the  educational  experience  of  future  scientists 
and  engineers  who  will  work  in  either  academic  or  nonacademic  settings.  If  programs  offer  a 
wider  variety  of  degree  and  curricular  options  that  are  valued  by  their  faculty,  smdents  will  be 
better  served.  In  addition,  we  have  an  obligation  to  inform  graduate  students  accurately  and 
explicitly  about  career  options  so  that  they  will  be  able  to  make  better  educational  choices, 
formulate  more  realistic  career  expectations,  and  achieve  greater  satisfaction  in  their  careers 
while  contributing  more  effectively  to  fulfilling  national  goals. 

In  summary,  the  future  PhD  degree  would  be  different— an  improved  version  of  the 
current  degree.  It  would  retain  the  existing  strengths— especially  with  regard  to  leading  to 
careers  in  academic  research— while  substantially  increasing  the  information  available,  the 
potential  versatility  of  the  smdents,  and  the  career  options  afforded  to  them  by  their  PhD 
education. 


General  Recommendation  1:  Offer  a  Broader  Range  of  Academic  Options 


To  produce  more  versatile  scientists  and  engineers,  graduate  programs  should 
provide  options  that  allow  students  to  gain  a  wider  variety  of  skills. 

Greater  versatility  can  be  promoted  on  two  levels.  On  the  academic  level,  students 
should  be  discouraged  from  overspecializing.  Those  planning  research  careers  should  be 
grounded  in  the  broad  fundamentals  of  their  fields  and  be  familiar  with  several  subfields.  Such 
breadth  might  be  much  harder  to  gain  after  graduation. 

On  the  level  of  career  skills,  there  is  value  in  experiences  that  supply  skills  desired  by 
both  academic  and  nonacademic  employers,  especially  the  ability  to  communicate  complex  ideas 
to  nonspecialists  and  the  ability  to  work  well  in  teams.  Off-campus  internships  in  industry  or 
government  can  lead  to  additional  skills  and  exposure  to  authentic  job  situations. 

To  foster  versatility,  government  and  other  agents  of  financial  assistance  for 
graduate  students  should  adjust  their  support  mechanisms  to  include  new 
education/training  grants  to  institutions  and  departments. 

Most  federal  support  for  graduate  smdents  is  currently  provided  through  research 
assistantships.  Research  assistantships  are  included  as  parts  of  grants  that  are  competitively 
awarded  to  individual  faculty  members  to  support  their  research.  The  grant  funds  are  then  used 
to  provide  stipends  to  the  students  in  those  faculty  members'  laboratories.  Such  assistantships 
offer  educational  benefit  in  the  form  of  research  skills  to  the  students  who  work  on  the  faculty 
members'  projects.  The  needs  of  funded  projects  rather  than  the  students'  educational  needs, 
however,  have  tended  to  be  paramount  in  guiding  the  students'  work. 

We  recommend  an  increased  emphasis  on  education/training  grants,  an  adaptation  of  the 
training  grants  awarded  by  the  National  Institutes  of  Health  and  other  agencies.    These  grants 
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would  be  awarded  competitively  to  institutions  and  departments.  Evaluation  criteria  would 
include  a  proposer's  plan  to  improve  the  versatility  of  students,  both  through  curricular 
innovation  and  through  more  effective  faculty  mentoring  to  acquaint  students  with  the  full  range 
of  future  employment  options. 

While  urging  that  the  nation's  overall  support  for  PhD  students  be  maintained  as  a  sound 
investment  in  our  future,  we  recognize  that  a  heightened  emphasis  on  education/training  grants 
could  reduce  the  funds  available  for  research  assistantships. 

In   implementing  changes  to   promote   versatility,   care   must   be  taken   not   to 
compromise  other  important  objectives. 

Modifying  graduate  programs  to  enhance  versatility  will  require  care  and  imagination. 
Change  should  be  compatible  with 


•  Maintaining  local  initiative.  We  envision  change  that  comes  from  local 
institutional  initiatives  and  that  shows  considerable  local  variation.  Each  program  should  build 
on  its  own  strengths  and  interests. 

•  Maintaining  excellence  in  research.  A  continuing  goal  of  graduate  education  is 
the  preparation  of  students  who  will  dedicate  themselves  to  careers  in  research.  The  reforms 
suggested  here  are  not  intended  to  alter  that  goal.  Instead,  we  envision  complementary  steps 
designed  to  reflect  all  employment  opportunities— in  both  the  research  and  the  nonresearch 
sectors.  Nor  do  we  espouse  what  some  call  "vocationalism"— setting  each  student  on  a  particular 
career  track  and  "training"  him  or  her  in  a  narrow  specialty.  We  need  instead  an  educational 
system  that  prepares  students  for  a  central  feature  of  contemporary  life:  continuous  change. 

•  Controlling  time  to  degree.  The  time  to  degree  and,  more  important,  the  time  to 
first  employment  are  steadily  lengthening  and  are  already  too  long.  We  believe  that  it  is 
possible  to  foster  versatility  without  increasing  the  time  that  graduate  students  spend  on  campus. 
Although  long  times  to  degree  are  often  decried,  universities  have  not  generally  made  the 
disciplined  effort  needed  to  shorten  them.  One  important  step  toward  shortening  the  time  to 
degree  is  to  ensure  that  educational  needs  of  students  remain  paramount.  The  primary  objective 
of  graduate  education  is  the  education  of  students.  The  value  of  such  activities  as  working  as 
highly  specialized  research  assistants  on  faculty  research  projects  and  as  teaching  assistants 
should  be  judged  according  to  the  extent  to  which  they  contribute  to  a  smdent's  education.  A 
student's  progress  should  be  the  responsibility  of  a  department  rather  than  of  a  single  faculty 
member;  a  small  supervisory  group  (including  the  snjdent's  adviser)  should  determine  when 
enough  work  has  been  accomplished  for  the  PhD  degree.  Each  institution  is  urged  to  set  its  own 
standards  for  time  to  degree  and  to  enforce  them. 

•  Attracting  women  and  minority-group  members.  It  is  essential  to  attract  a  fair 
share  of  the  most  talented  students  to  each  discipline  in  science  and  engineering,  irrespective  of 
their  sex  or  ethnic  backgrounds.  Where  it  appears  that  the  number  of  women  and  minority- 
group  members  is  low  in  particular  fields,  deliberate  steps  should  be  taken  to  deal  with  real  and 
perceived  barriers  to  full  participation. 


147 


RESHAPING  THE  GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS 


General  Recommendation  2:  Provide  Better  Information  and  Guidance 


Graduate  scientists  and  engineers  and  their  advisers  should  receive  more  up-to-date 
and  accurate  information  to  help  them  make  informed  decisions  about  professional 
careers;  broad  electronic  access  to  such  information  should  be  provided  through  a 
concerted  nationwide  effort. 

The  burden  of  learning  about  realistic  career  options  should  not  be  left  to  students 
themselves.  We  recommend  the  establishment  of  a  national  database  of  information  on 
employment  options  and  trends.  This  information,  intended  for  use  by  both  students  and  their 
advisers,  should  include,  by  field,  data  on  career  tracks,  graduate  programs  (including  financial 
aid),  time  to  degree,  and  placement  rates.  Departments  should  track  information  on  their 
students— not  only  those  who  go  into  universities  and  4-year  colleges,  but  those  who  go  into 
industry,  government,  junior  and  precollege  education,  etc. 

The  rapid  development  of  the  Internet  makes  it  possible  to  adhere  to  two  important 
principles  in  regard  to  the  database:  the  information  can  retain  a  more  decentralized,  "grass- 
roots" character  than  information  assembled  in  central  compendiums,  and  up-to-date  information 
would  be  readily  available  to  the  ultimate  consumers— doctoral  students,  graduates,  and  faculty 
advisers. 

The  National  Science  Foundation  should  coordinate  federal  participation  in  the  database. 
However,  it  is  preferable  to  design  and  manage  the  database  within  the  academic  community 
itself  so  that  it  has  accurate,  timely,  and  credible  information. 

Academic  departments  should  provide  the  information  referred  to  above  to 
prospective  and  current  students  in  a  timely  manner  and  should  also  provide  career 
advice  to  graduate  students.  Students  should  have  access  to  information  on  the  full 
range  of  employment  possibilities. 

Advice  for  students  should  be  improved  by  a  systematic  tracking  of  the  employment  path 
of  each  department's  graduates  and  by  use  of  the  national  database  recommended  above. 

In  the  past,  when  students  expected  to  become  professors,  graduate  school  was  usually 
seen  as  a  step  on  a  simple  career  ladder.  We  are  concerned  that  this  concept  is  still  held  in 
some  places.  Departments  should  help  students  to  regard  their  progress  through  graduate  school 
as  a  journey  with  branches  that  require  decisions.  One  decision  point  is  the  application  stage, 
when  students  need  more  information  on  job  placement,  salaries,  and  unemployment  rates  in 
various  disciplines  to  decide  whether  and  where  to  enter  graduate  school. 

Students  should  be  encouraged  to  consider  three  alternative  pathways  at  the  point 
when  they  have  met  their  qualifying  requirements. 

At  the  beginning  of  the  research  phase,  departmental  advisers  should  help  students  to 
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choose  among  three  distinct  options:  first,  to  stop  with  a  master's  degree,  in  light  of  their 
aspirations  and  projected  employment  demand;  second,  to  proceed  toward  a  PhD  and  a  position 
in  research;  or  third,  for  a  student  interested  in  working  in  nontraditional  fields,  to  design  a 
dissertation  that  meets  high  standards  for  originality  but  requires  less  time  than  would 
preparation  for  a  career  in  academic  research.  We  believe  that  the  first  option  is  typically 
undervalued  and  the  third  option  often  neglected. 

The  National  Science  Foundation  should  continue  to  improve  the  coverage, 
timeliness,  and  clarity  of  analysis  of  the  data  on  the  education  and  employment  of 
scientists  and  engineers  in  order  to  support  better  national  decision-making  about 
human  resources  in  science  and  technology. 

In  preparing  this  report,  we  discovered  a  lack  of  the  timely  and  relevant  information  that 
students,  advisers,  and  policy-makers  should  have.  The  National  Science  Foundation  should 
seek  to  improve  timeliness,  increase  detail  on  nonacademic  employment  (which  now  occupies 
most  new  scientists  and  engineers),  and  support  extramural  research  on  actual  career  patterns 
in  science  and  engineering. 


General  Recommendation  3:  Devise  a  National  Human-Resource  Policy 
for  Advanced  Scientists  and  Engineers 


A  national  discussion  group— including  representatives  of  governments,  universities, 
industries,  and  professional  organizations— should  deliberately  examine  the  goals, 
policies,  conditions,  and  unresolved  issues  of  graduate-level  human  resources. 

In  preparing  our  last  report.  Science,  Technology,  and  the  Federal  Government 
(COSEPUP,  1993),  we  found  that  no  coherent  national  policy  guides  the  education  of  advanced 
scientists  and  engineers,  even  though  the  nation  depends  heavily  on  them.  At  present,  there  is 
neither  the  conceptual  clarity  nor  the  factual  basis  needed  to  support  a  coherent  policy 
discussion.  We  are  concerned  that  many  prevailing  views  are  obsolete  or  are  quickly  becoming 
so. 

As  a  starting  point,  the  agenda  for  national  discussion  might  include  national  goals  and 
policy  objectives,  the  relationship  between  the  process  of  graduate  education  and  employment 
trends,  and  difficult  current  issues  (such  as  time  to  degree  and  sources  of  new  students)  on  which 
opinions  diverge. 
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MAJOR  RELATED  ISSUES 


Two  other  issues  were  discussed  at  some  length  by  the  committee  and  committee 
witnesses:  the  relationship  between  supply  of  and  demand  for  PhDs  in  science  and  engineering 
and  the  impact  of  current  high  enrollments  of  foreign  citizens.  We  do  not  offer 
recommendations  on  either  issue,  but  we  discuss  both  in  Chapter  4.  We  present  here  a  brief 
summary  of  the  discussions. 


Is  There  an  Oversupply  of  PhDs? 


The  committee  is  not  convinced  that  the  current  low  and  stable  unemployment  rates 
among  scientists  and  engineers  mean  that  the  system  is  working  as  well  as  it  should.  In  fact, 
there  are  indications  of  employment  difficulties,  especially  among  recent  graduates.  During  the 
course  of  our  study,  we  often  heard  concerns  that  we  are  producing  too  many  PhDs.  Reliable 
information  is  scarce,  and  conditions  vary  greatly  with  field,  but  we  report  three  summary 
observations: 


•  There  seem  to  be  far  more  seekers  of  jobs  as  professors  in  academe  and  as  basic 
researchers'  than  there  are  available  positions.  This  situation  is  the  basis  of  the  frustrated 
expectations  of  new  PhDs. 

•  Overall  unemployment  rates  for  recent  PhDs  have  remained  very  low  (although 
the  1994  survey  showed  a  small  rise).  That  implies  that  steady  expansion  in  applied-research 
and  nonresearch  employment  has  ultimately  provided  jobs  for  most  of  the  still-growing  cohort 
of  PhD  graduates. 

•  There  are  some  worrisome  indicators  of  weakness  in  the  market,  such  as 
substantially  longer  delays  in  initial  placement  of  new  graduates,  the  fact  that  some  graduates 
are  employed  in  positions  that  do  not  require  a  PhD,  and  the  possibility  that  they  are  taking 
postdoctoral  assignments  only  in  hopes  of  better  positions  when  employment  conditions  in 
research  are  brighter. 


Nevertheless,  we  see  no  basis  for  recommending  across-the-board  limits  on  enrollment, 
for  three  reasons.  First,  conditions  differ  greatly  by  field  and  subfield.  Second,  we  believe  that 
an  extensive,  disciplined  research  experience  provides  valuable  preparation  for  a  wide  variety 


'  However,  this  situation  does  not  mean  ihal  graduate  scientists  and  engineers  can  no  longer  do  research.  In 
terms  of  primary  work  activity,  the  share  of  positions  in  applied  research  and  development  is  increasing.  It  is  just 
that  the  share  of  people  going  into  management  of  research  and  teaching  is  declining. 
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of  nontraditional  careers  for  which  scientific  and  technical  expertise  is  relevant.  Third,  limiting 
actions  would  have  little  immediate  aggregate  impact  even  if  they  could  be  orchestrated 
effectively.  Instead,  we  believe  that  our  recommendations  of  greatly  improved  career 
information  and  guidance  will  enhance  the  ability  of  the  system  to  balance  supply  and  demand. 
When  the  employment  situation  is  poor,  better-informed  students  will  be  able  to  pursue  options 
other  than  a  PhD;  when  the  market  is  expanding,  students  will  be  able  to  move  more  flexibly 
and  rapidly  in  the  direction  of  employment  demand. 


Foreign  Students 


The  numbers  of  science  and  engineering  students  and  PhDs  who  are  foreign  citizens  are 
rising  rapidly.  The  views  we  encountered  about  that  situation  are  mixed.  Some  view  it 
positively,  arguing  that  universities  benefit  by  having  foreign  graduate  students  help  with 
research  and  teaching,  that  employers  benefit  by  finding  the  most  highly  qualified  PhDs,  and  that 
to  compete  in  a  global  economy  US  universities  and  industries  must  be  able  to  recruit  the  best 
talent  available.  Others  are  calling  for  limits  on  the  numbers  of  foreign  students,  arguing  that 
large  numbers  of  foreign  citizens  compete  with  US  citizens  for  jobs  (which  might  explain  part 
of  the  employment  problems  of  recent  years);  that  foreign  citizens  who  return  home  might  work 
for  our  economic  competitors;  that  cultural  and  language  difficulties  make  foreign  students 
ineffective  in  the  classroom  as  teaching  assistants  and  limit  their  ability  to  succeed  in  the  labor 
market;  and  that  their  presence  in  large  numbers  depresses  salaries  and  thereby  generates  a 
discouraging  market  signal  for  potential  American  students. 

As  we  argue  in  Chapter  4,  the  committee  does  not  recommend  limiting  the  number  of 
foreign  students,  for  several  reasons.  First,  there  is  considerable  anecdotal  evidence  that  the 
most  outstanding  foreign  PhDs  tend  to  find  employment  in  the  United  States  and  make  major 
contributions  to  our  nation.  Second,  the  sharp  increase  in  number  of  foreign-citizen  graduate 
students  seems  to  have  been  caused  in  part  by  a  set  of  political  events  that  are  unlikely  to  recur 
as  well  as  by  changes  in  US  immigration  laws.  Third,  one  cause  of  the  presence  of  many 
foreign  students  is  that  their  home  nations  have  lacked  adequate  opportunities  in  both  education 
and  employment;  the  wealth  of  these  nations  is  now  growing,  and  there  is  already  evidence  that 
some  foreign  students  are  finding  attractive  employment  opportunities  at  home. 

To  the  extent  that  there  is  a  limit  on  the  number  of  departmental  "slots"  for  graduate 
students,  of  more  fundamental  importance  than  the  presence  of  foreign  citizens  is  the  fact  that 
the  number  of  American  students  entering  science  and  engineering  has  grown  only  slightly  in 
recent  years  and  is  a  declining  percentage  of  the  total  number  of  PhDs.  We  suggest  that  the 
most  appropriate  responses  to  the  relatively  flat  enrollment  of  American  students  are  to 
implement  the  measures  advocated  in  this  report  (which  should  improve  the  responsiveness  of 
the  PhD  labor  market)  and  to  continue  efforts  to  strengthen  the  teaching  of  precollege  science. 
Those  measures,  we  believe,  would  make  graduate  education  more  attractive,  more  effective, 
and  accessible  to  a  larger  group  of  qualified  American  applicants. 
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The  Changing  Context  of  Graduate  Education 


The  American  system  of  graduate  education  of  scientists  and  engineers,'  organized 
around  an  intensive  and  realistic  research  experience,  has  become  the  world  model  for 
simultaneously  conducting  basic  research  and  educating  graduate  scientists  and  engineers. 
Scientists  and  engineers  with  PhD  and  other  advanced  degrees  play  a  central  and  growing  role 
in  American  life. 

Graduate  education  is  basic  to  achieving  national  goals  in  two  ways.  First,  our 
universities  are  responsible  for  producing  the  teachers  and  researchers— investigators  in  industry 
or  academe  who  will  lay  the  groundwork  for  the  paradigms  and  products  of  tomorrow  and  who 
will  in  mm  educate  future  teachers  and  researchers.  Second,  graduate  scholarship  and  research 
are  key  contributors  to  meeting  broad  national  goals  of  technological,  economic,  and  cultural 
development.  The  increase  in  scientific  and  technological  knowledge  and  the  ways  in  which  that 
knowledge  is  applied  are  fundamental  to  the  pursuit  of  many  general  national  objectives, 
including  developing  new  technologies  and  industries,  combating  disease  and  hunger,  reducing 
environmental  pollution,  developing  new  sources  of  energy,  and  maintaining  the  competitiveness 
of  American  industry. 

Persons  educated  in  and  part  of  our  graduate  education  system  provide  expert  service  to 
society  via  their  development  of  original  ideas,  which  are  brought  to  fruition  in  teaching, 
industry,  business,  and  government.  Graduate  students  often  go  beyond  the  thinking  of  their 
professors  and  create  a  new  generation  of  science  and  engineering  thought.  The  student  learns 
from  the  professor,  but  the  professor  also  learns  from  the  student.  Our  system  of  graduate 
education  is  therefore  important  both  as  a  source  of  future  leaders  in  science  and  engineering 
and  as  a  source  of  new  ideas.    We  must  maintain  the  strength  of  this  system  to  sustain  the 


'  Throughout  this  repon,  the  term  graduate  scientists  and  engineers  refers  to  persons  who  have  attained  a 
master's  or  doctor  of  philosophy  degree  in  science  or  engineering.  Science  is  taken  to  include  the  life  sciences, 
physical  sciences,  social  sciences,  and  mathematics.  Engineering  is  taken  to  include  all  specialties  of  engineering. 
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creativity  and  "ntellectuai  vigor  that  will  be  needed  in  the  United  States  to  address  a  growing 
variety  of  social  and  economic  concerns. 

The  efficacy  of  our  system  originated  in  a  series  of  policy  decisions  that  were  prompted 
by  the  major  role  that  science  and  technology  had  in  the  outcome  of  World  War  II.  Among 
those  decisions  were  the  following: 


•  The  public,   through  a  number  of  government  agencies,   would  assume  an 
important  role  in  funding  basic  and  applied  research. 

•  Through  public  funding,  researchers  at  universities  throughout  the  country  would 
become  major  contributors  to  the  nation's  scientific  research  expertise. 

•  The  universities  would  conduct  basic  research  and  the  graduate  education  of 
scientists  and  engineers  as  joint,  synergistic  activities. 


The  dual  role  of  the  graduate  science 
and  engineering  enterprise  was  designed  to 
benefit  the  nation  by  educating  students 
through  the  active  conduct  of  cutting-edge 
research.  According  to  a  report  by  the 
National  Research  Council  in  1964, 
"graduate  education  can  be  of  highest  quality 
only  if  it  is  conducted  as  part  of  the  research 
process  itself"  (NRC,  1964). 

By  educating  students  in  the  context  of 
research,  the  American  system  of  graduate 
education  has  set  the  world  standard  for 
preparing  scientists  and  engineers  for  research 
careers  in  academe,  government,  and 
industry.  And  by  attracting  outstanding 
students  and  faculty  members  from 
throughout  the  world,  it  has  benefited  from 
an  infusion  of  both  talent  and  ideas. 

The  products  of  research  have 
contributed  abundantly  to  the  health,  defense, 
and  well-being  of  the  country,  and  American 

has  generously  supported  the  education  of  its  scientists  and  engineers  with  both  state  and  federal 
funds  and  with  donations  from  industry,  large  nonprofit  organizations,  and  the  universities 
themselves. 

States  have  the  longest  tradition  of  supporting  graduate  education.  Beginning  with  the 
Morrill  Act  of  1862,  states  funded  on-campus  agricultural  research  to  serve  the  public  goal  of 
bringing  technology  to  the  nation's  fanners.  Today,  by  subsidizing  tuitions,  they  have  ensured 
wide  access  to  graduate  education  at  low  cost.    The  state  universities  and  land-grant  colleges 


The  graduate-education  enterprise  in  the 
United  States  is  diverse  and  decentralized.  Because 
of  the  diversity  of  missions  and  agencies 
participating  in  higher  education,  any  important 
changes  require  cooperative  efforts  based  on  a 
shared  understanding. 

There  are  many  independent  participants, 
including  more  than  600  public  and  private 
universities  and  colleges  (which  offer  master's  or 
doctoral  degrees  in  science  and  engineering), 
scientific  and  engineering  societies  (which  help  to 
defme  what  scientists  and  engineers  should  know 
and  do),  state  governments  (which  provide  support 
for  tmiversities),  the  federal  government  (which 
supports  research  aid  education),  philanthropic 
organizations,  accreditation  bodies,  the  Council  of 
Graduate  Schools,  the  Association  of  American 
Universities,  and  the  National  Association  of  State 
Universities  and  Land  Grant  Colleges. 


Box  1  - 1 ;  The  Graduate-Education  Enterprise 
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subsidize  about  half  the  doctoral-degree  recipients  in  the  United  States  and  employ  the  professors 
who  educate  them. 


Federal  support  for  graduate  education 
of  scientists  and  engineers,  a  more  recent 
phenomenon,  expanded  rapidly  after  World 
War  II  with  the  establishment  of  the  National 
Science  Foundation  (NSF),  the  National 
Instiftites  of  Health  (NIH),  and  other 
agencies.  Funding  for  the  education  of 
graduate  scientists  and  engineers  grew  rapidly 
in  the  late  1950s  after  the  launching  of 
Sputnik  in  1957  and  passage  of  the  National 
Defense  Education  Act  in  1958.  The  federal 
government  has  developed  a  number  of 
programs  for  the  direct  support  of  graduate 
education,  including  fellowships,  traineeships, 
research-infrastructure  grants,  and 
institutional  development  grants. 

The  number  of  graduate  science  and 
engineering  students  increased  roughly  in 
parallel  to  the  amount  of  federally  funded 
scientific  and  engineering  research  from  1958 
to  1988.  Between  1958  and  1968,  the 
number  of  PhDs  awarded  annually  to 
scientists  and  engineers  tripled  to  about 
18,000.  That  swift  growth  lasted  until  the 
early  1970s,  when  national  policy  changes 

brought  about  the  curtailment  of  most  federal  fellowships  and  traineeships.^  Thus,  the  annual 
production  of  science  and  engineering  doctorates  peaked  at  near  19,400  during  1971-1973  and 
fell  to  fewer  than  18,000  during  1977-1985.  The  production  of  PhDs  began  to  rise  again  in  the 
late  1980s  and  reached  25,000  in  1993  (see  Figure  1-1).  Most  of  the  net  growth  after  1985  was 
due  to  an  increased  number  of  foreign  students  with  temporary  student  visas  (see  Figure  1-2). 

Since  the  late  1980s,  the  institutions  that  conduct  research  in  concert  with  graduate 
education  have  been  buffeted  by  a  series  of  political,  economic,  and  social  changes.    The  end 


The  doctor  of  philosophy  degree  is  the 
highest  academic  degree  granted  by  North 
American  universities.  PhD  programs  are  designed 
to  prepare  students  to  become  scholars,  that  is,  to 
discover,  integrate,  and  apply  knowledge,  as  well 
as  to  commimicate  and  disseminate  it. 

A  doctoral  program  is  an  apprenticeship 
that  consists  of  lecture  or  laboratory  courses, 
seminars,  examinations,  discussions,  independent 
study,  research,  and,  in  many  instances,  teaching. 

The  first  year  or  two  of  study  is  normally 
a  probationary  period,  during  which  a  preliminary 
or  qualifying  examination  might  be  required.  The 
probationary  period  is  followed  by  an  examination 
for  admission  to  fiill  candidacy,  when  students 
devote  essentially  full  time  to  completing 
dissertation  research.  This  research,  planned  with 
the  major  adviser  and  the  dissertation  committee, 
usually  takes  1-3  years,  depending  on  the  field.  An 
oral  defense  of  the  research  and  dissertation  before 
a  graduate  committee  constitutes  the  final 
examination. 

Source:  CGS,  1990 


Box  1-2:  The  PhD  Degree 


'  For  example,  the  NSF  training-grant  program  was  terminated,  and  research  fellowships  were  cut  back  to  500 
(they  have  since  returned  to  2,500).  Only  the  NIH's  training-grant  program  was  maintained,  through  the  intervention 
of  Congress;  but  even  this  program  was  reduced  as  overall  federal  funding  for  direct  support  of  graduate  science 
and  engineering  education  fell  by  80%  in  the  early  1970s. 
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1970  1975  1980 

Year  of  Survey 


1990        1993 


Physical/Math  , .,    „  .  Soc/Behavioral  ^ 

Life  Sciences       ^., Engineering 


Sciences 


Sciences 


FIGURE  1-1  Number  of  doctorates  awarded  by  US  institutions,  by  broad  field,  1958-1993 


SOURCE:  NSF,  1994f: Table  1,  for  1983-1993;  unpublished  "decade"  tables.  Office  of  Scientific  and  Engineering 
Personnel,  National  Research  CounciL  for  prior  years 

NOTE:  The  physical/mathematical  sciences  include  physics,  chemistry,  astronomy,  mathematics, 
computerAnformation  science,  and  environmental  (ocean,  atmospheric,  earth)  sciences   The  life  sciences  include 
the  biological,  agricultural,  and  medical  sciences   The  social^ehavioral  sciences  include  the  social  sciences  (e.g., 
economics,  sociology,  political  science)  and  psychology.  More  detailed  information  on  fields  of  doctorates 
awarded  in  1983-1993  is  presented  in  Appendix  B,  TMe  B-20. 
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US  Citizens  and 
Permanent  Residents 

Temporary 
Visas 


1983  1984  1985  1986  1987  1988  1989  1990  1991    1992  1993 

Year  of  Degree 


FIGURE  1-2  Trends  in  citizenship  ofrecipients  of  doctorates  from  us  institutions,  1983-1993. 
SOURCE:  Calculated  from  NSF,1994f  Table  3 

NOTE :  The  numbers  are  based  on  those  whose  citizendiip  was  known  (between  92%  and  98%  of  each  yeai's 
doctorate  recipients  in  1983-1993) 
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of  the  Cold  War  has  led  to  major  cuts  in  defense  spending,  which  are  a  source  of  R&D 
funding.'  The  cuts  began  in  1987,  when,  for  the  first  time,  the  overall  increase  in  federal 
funding  for  research  stopped  growing  faster  than  inflation.  Not  only  have  fiscal  constraints 
affected  the  science-oriented  government  agencies,  but  the  agencies  have  responded  to  political 
forces  by  shifting  toward  an  emphasis  on  "strategic"  research  that  is  oriented  toward  national 
objectives. 

The  last  decade  has  seen  both  a  rise  in  international  economic  competition  and  cutbacks 
in  basic  research  at  large  industrial  laboratories.  Industry  is  said  to  be  hiring  fewer  scientists 
and  engineers  and  shifting  emphasis  toward  core  businesses;  industrial  grants  to  universities,  an 
important  source  of  research  funds,  are  said  to  be  reduced  and  increasingly  directed  toward 
incremental,  low-risk  programs. 

State  governments  are  tightening  their  budgets,  with  some  public  universities  experiencing 
absolute  decreases  of  20-25%  in  state  funding.  That  has  reduced  the  ability  of  state  universities 
to  hire  scientific  and  engineering  faculty  and  to  fund  graduate  students.  Many  state  legislators 
view  graduate  education  as  a  budget  item  that  must  compete  with  social  requirements  whose  call 
on  the  tax  dollar  is  at  least  as  persuasive.  Criticisms  of  faculty  productivity  are  common,  as  is 
a  general  skepticism  that  the  public  receives  an  adequate  return  on  its  investment  in  graduate 
education.  The  Maryland  General  Assembly,  for  example,  has  ordered  new  policies  that 
establish  explicit  expectations  for  faculty  workload  and  responsibilities.  Furthermore,  state 
legislators  have  sometimes  questioned  the  benefit  of  educating  graduate  students  who  leave  the 
state  on  graduating. 

Owing  to  these  financial  constraints,  universities  must  use  more  of  their  own  funds  to 
support  research,  especially  for  projects  considered  long-term  or  risky.  And  they  are  less  able 
to  offer  tenure-track  positions  to  new  young  faculty. 

As  the  financial  support  for  basic  research  has  plateaued,  the  graduate-education  system 
has  been  criticized  by  the  public  and  Congress  for  neglecting  education  and  other  societal  needs. 
With  the  end  of  the  Cold  War  and  the  growth  of  global  economic  competition,  the  nation's 
attention  has  shifted  from  defense  to  economic,  environmental,  and  other  social  concerns:  we 
are  faced  with  the  challenge  of  finding  better  ways  to  use  natural  resources,  to  produce  energy, 
and  to  deliver  health  care,  and  we  need  to  produce  better  products  and  services  in  an 
internationally  competitive  marketplace.  The  nation  also  has  to  deal  with  crime,  violence,  and 
poverty.  At  the  international  level,  we  are  concerned  with  limiting  population  growth, 
stabilizing  emergent  democracies,  and  fostering  appropriate  industries  in  developing  countries, 
as  well  as  with  sustaining  national  security  and  global  economic  health.  The  role  of  research 
in  addressing  those  concerns  is  not  nearly  as  clear  to  the  nation  as  was  its  role  in  winning  the 
Cold  War  or  the  "space  race." 

In  the  face  of  these  complex  societal  concerns,  scientists  and  engineers  have  been 
challenged  to  take  more  active  and  visible  roles  in  society— roles  that  require  leadership. 


'  Universities  became  less  dependent  on  Department  of  Defense  (DoD)  funding  in  the  1960s  and  1970s. 
Currently,  less  than  14%  of  federal  support  of  R&D  in  colleges  and  universities  comes  from  DoD.  A  major  cut  in 
DoD  R&D  would  affect  federal  funding  of  universities  by  only  a  few  percent  (Sapolsky,  1994).  But  this  decline  in 
defense  R&D  would  probably  be  highly  concentrated  in  particular  fields  (such  as  aeronautics  and  oceanography). 
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cooperation,  and  flexibility.  Society  expects  them  to  contribute  to  new  debates  on  public  policy, 
to  improve  our  competitive  position  in  global  markets,  to  help  to  create  high-value  jobs,  and  to 
improve  the  education  of  citizens  at  many  levels. 

To  repeat:  American  graduate  schools  have  done  a  superb  job  of  preparing  young 
scientists  and  engineers  to  become  original  researchers— to  become  the  scientific  and  technical 
leaders  of  the  nation.  It  is  the  purpose  of  this  report  to  examine  how  well  graduate  school 
prepares  students  to  integrate  and  disseminate  their  knowledge  and  apply  it  to  the  full  range  of 
present  societal  needs. 


92-585    95-6 
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2.1        CURRENT  EMPLOYMENT  CONDITIONS 


The  economy  of  the  United  States  is  absorbing  rapidly  increasing  numbers  of 
graduate  scientists  and  engineers,  but  continued  growth  is  less  certain. 


The  number  of  people  with  science  and  engineering  PhD  degrees  from  US  universities 
who  are  working  in  this  country  has  nearly  doubled  since  1973,  from  220,000  to  437,000  in 
1991.'  Figure  2-1  shows  this  growth  by  major  field.  Currently,  more  than  25,000  scientists 
and  engineers  earn  PhDs  from  US  institutions  each  year,  most  of  whom  enter  the  US  labor 


'  National  estimates  of  employment-related  characteiistics  of  scientists  and  engineers  used  here  and  throughout 
the  report  are  from  the  Survey  of  Doctorate  Recipients  (SDR).  The  SDR  is  a  biennial  panel  survey  of  a  nationally 
representative  sample  of  recipients  of  doctorates  in  science  and  engineering  from  U.S.  institutions  working  in  the 
United  States.  It  is  conducted  by  the  National  Research  Council  and  has  gathered  employment  related  information 
since  1973  for  NSF  and  other  federal  agencies.  Major  changes  in  survey  timing  and  procedures  were  made  in  the 
1991  survey  that  limit  the  comparability  of  estimates  with  those  of  the  1973-1989  surveys.  More  vigorous  follow-up 
increased  the  response  rate  from  58%  to  80%,  which  reduced  nonresponse  bias  among  those  outside  academia  or 
who  had  left  the  country.  This  should  have  reduced  overestimates  of  the  number  of  U.S.  PhDs  remaining  in  the 
U.S.  and  of  those  employed  in  academia  of  perhaps  5%  in  the  earlier  surveys.  The  SDR  is  described  more  fully 
in  Appendix  C,  which  has  a  fuller  discussion  of  changes  in  the  1991  and  1993  surveys  and  their  implications  for 
comparability  of  time-series  data  and  longitudinal  analysis. 
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1973        1975        1977        1979        1981        1983        1985        1987        1989        1991 

Year  of  Survey 

Physical/Math  , ..   „  .  Soc/Behavioral  ^     . 

'    .  Life  Sciences       „  .  Engineering 

Science  Sciences  "  " 


FIGURE  2-1  Growth  in  employment  of  doctoral  scientists  and  engineers  in  the  United  States, 
1973-1991. 


SOURCE:  NSF,  1991:Table  1,  for  1973-1989;  NSF,  1994d:Table  1.  for  1991 

NOTES :  In  this  figure,  postdoctoral  appointees  are  included  in  the  labor  force. 

The  data  are  national  estimates  of  the  numbers  of  scientists  and  engineers  with  doaorates  fiom  US  institutions. 
The  estimates  are  deriv  ed  from  the  biennial  sample  Survey  of  Doctorate  Recipients  conducted  for  the  National 
Science  Foundation  by  the  Office  of  Scientiric  and  Engineering  Personnel,  National  Research  Council. 

In  1991,  survey  procedures  and  timing  were  changed  in  ways  that  unproved  the  estimates  but  introduced  major 
comparability  problems.  The  response  rate,  which  had  fallai  steadily  during  the  1980s  (from  66%  in  1979  to  58% 
in  1989).  increased  to  80%  in  1 99 1    Nonresponse  bias  in  the  earlier  surveys  had  led  to  overestimates  of  5%  or 
more  in  the  total  number  of  scientists  and  engineers  in  the  United  States   The  new  procedures,  which  involved 
much  more  intensive  foUowup  of  those  who  did  not  respond  initially,  no  doubt  reduced  the  overestimate,  but  the 
extent  is  not  known   The  drop  in  number  of  employed  scientists  and  engineers  from  1 989  to  1 99 1  is  due  at  least  in 
part  10  the  change  in  survey  procedures   For  example,  if  the  estimates  in  1 989  were  reduced  by  5%,  the  number  of 
doctorates  working  in  the  United  States  would  have  increased  bv  3%  instead  of  decreased  by  3%  from  1989  to 
1991 
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market  either  immediately  or  after  a  period  of  postdoctoral  study. ^    Appendix  C  discusses 
employment  trends  among  graduate  scientists  and  engineers  in  more  detail. 

Although  increasing  numbers  of  new  PhDs  have  been  readily  absorbed  into  the  job 
market  over  the  years,  there  are  clear  indications  that  the  most  recent  new  PhDs  in  some  fields 
are  not  finding  employment  as  easily  as  earlier  ones,  and  graduates  who  have  found  employment 
have  been  more  likely  to  find  less-desirable  or  less-secure  positions  than  earlier  graduates. 


Employment  Trends 


Among  recent  PhDs,  there  is  a  steady  trend  away  from  positions  in  education  and 
basic  research  and  toward  applied  research  and  development  and  more  diverse,  even 
nonresearch,  employment. 

Graduate  scientists  and  engineers  have  traditionally  been  educated  and  prepared  for 
employment  positions  in  which  the  ability  to  perform  original  research  is  the  skill  of  highest 
value.  The  traditional  positions  include  research-intensive  occupations  in  academe,'  industry, 
and  government  laboratories  where  scholarship  and  research— especially  basic 
research— constitute  the  primary  focus  of  employment.  During  recent  decades,  such  research- 
intensive  jobs  have  increased  steadily,  and  many  new  PhDs  have  been  able  to  choose  from  an 
expanding  number  of  such  traditional  jobs.  However,  available  information  on  job  distribution 
and  trends  in  terms  of  both  primary  work  activity  and  the  location  of  that  work  indicates  a 
persistent  long-term  trend  away  from  employment  in  traditional  research  and  teaching  positions 
and  toward  applied  research  and  development  and  non-academic  employment  (see  Figure  2-2). 

For  example,  the  proportion  of  scientists  and  engineers  engaged  in  basic  research  and 
teaching  as  their  primary  activity  has  declined  while  the  proportion  of  people  involved  in  applied 
research  and  development  and  other  types  of  work  has  increased  According  to  the  SDR,  in 
1973,  52%  of  scientists  and  engineers  with  PhDs  from  US  universities  were  engaged  in  basic 
research  or  teaching  activities,  but,  in  1991,  only  37%  were  in  such  positions  (Table  C-3B). 
On  the  other  hand,  individuals  employed  in  applied  research  and  development  increased  by  about 
one-third,  and  the  fraction  employed  in  business  and  industry  increased  from  about  24%  in  1973 
to  36%  in  1991.  Within  that  group,  the  share  of  self-employed  people  more  than  quadrupled, 
to  nearly  9%  (Table  C-3B). 


'  An  unknown  number  of  graduate  scientists  and  engineers  graduating  from  foreign  institutions  also  enter  the 
labor  market. 

'  Academe  is  defined  in  this  report  to  include  4-year  colleges,  universities,  and  medical  schools,  but  not  2-year 
colleges  or  precollege  (K-12)  educational  institutions. 
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Academe 


Business/ 
Industry 


Federal 
Government 


Ottier 
Employment 


1973     1975     1977     1979     1981      1983     1985     1987     1989     1991 

Year  of  Survey 


FIGURE  2-2  Scientists  and  engineers  with  US  PhDs,  by  employment  sector,  1973-1991 
SOURCE:  Calculated  from  NSF,  1991  Table  3,  for  1973-1989,  and  from  NSF,  1994d:Table  9.  for  1991 

NOTES;  See  notes  for  Figure  2-1  for  imponant  information  alx>ut  the  conqiarability  of  1991  estimates  with  the 
estimates  for  previous  years. 

Academe  includes  those  employed  at  4-year  colleges,  universities,  and  medical  schools  (including 
university-affiliated  hospitals  and  medical  centers). 

Business/industry  inchides  those  who  are  setf-employed. 

Other  employment  includes  other  education  (junior  colleges.  2-year  colleges,  technical  institutes,  and  elementary, 
middle,  and  secondary  schools),  state  and  lo^  governments;  hospitals  and  clinics;  private  foundations  and  other 
nonprofit  organizatioiis;  other  employers;  and  those  who  did  not  respond  to  the  employment-sector  question. 
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Furthermore,  the  fraction  of  total 
PhDs  in  science  and  engineering  who  are 
employed  in  academe  has  declined  to  less  that 
half  in  recent  years  (see  Figure  2-3).  In 
addition,  basic-research  positions  in  some 
industry  and  national  laboratories  have  also 
been  declining.  As  a  result,  the  activities  and 
employment  sectors  that  scientists  and 
engineers  with  PhDs  have  been  going  into 
have  been  diversifying. 

Those  long-term  trends  are  the  basis 
for  a  major  conclusion  of  this  report,  i.e., 
that  PhDs  are  increasingly  Finding 
employment  outside  universities  and  more 
and  more  are  in  types  of  positions  that  they 
had  not  expected  to  occupy. 

It  should  be  noted  that  different  fields 
and  subfields  of  science  and  engineering  vary 
widely  with  respect  to  employment  patterns, 
job  availability,  and  degree  requirements. 
For  example,  in  chemistry  and  engineering, 
many  PhDs  have  long  worked  in  industry;  in 
other  fields,  many  still  work  in  universities. 

Within  nearly  all  fields,  however,  the 
broad  trend  is  consistent:  a  smaller  proportion 
of  PhDs  is  going  into  universities  and  the 
federal  government,  and  a  larger  proportion 
is  going  into  business  and  industry 
(engineering  was  the  only  field  in  which  the 
proportion  of  PhDs  entering  universities 
increased  substantially.  With  the  SDR  data, 
it  is  possible  to  compare  cohorts  of  scientists 
and  engineers  5-8  years  after  receipt  of  PhD, 
i.e.,  after  most  of  them  have  completed  a 
period  of  postdoctoral  study.  More  than  half 
the  1969-1972  science  and  engineering  PhDs 
were    employed    in    universities    in    1977, 

compared  with  less  than  43%  of  the  1983-1986  PhDs  in  1991  (Figure  2-4).    Only  26%  of  them 
were  employed  in  business  and  industry  in  1973,  compared  with  35%  in  1991. 

Appendix  C  provides  an  in-depth  analysis  of  the  employment  distribution  of  new  and 
recent  science  and  engineering  PhDs  by  discipline.  This  is  an  original  analysis  based  on  data 
from  the  SDR.  Information  on  a  sectoral  basis  is  also  provided  in  the  next  section  of  this 
chapter. 


Employment  difficulties  are  most  acute 
among  new  PhDs,  many  of  whom  are  unable  to 
find  desirable  positions  in  their  field.  Barry  Hardy, 
who  has  done  postdoctoral  work  at  the  National 
Institutes  of  Health  and  is  currently  a  postdoc  at 
the  University  of  Oxford  in  England,  has  spoken 
out  about  these  difficulties  and  offered  suggestions 
for  change.  With  several  other  members  of  the 
Young  Scientists'  Network  Internet  discussion 
forum,  he  wrote  an  open  letter  to  Harold  Varmus, 
director  of  the  National  Institutes  of  Health, 
outlining  options  for  change. 

At  the  committee's  invitation.  Dr.  Hardy 
offered  a  series  of  suggestions  for  improving  the 
graduate  education  experience: 

•  Include  young  scientists  and  engineers  on 
policy  panels,  especially  those  affecting  the 
funding  of  graduate  students. 

•  Improve  the  evaluation  of  training  grant 
programs. 

•  Fund  an  Internet-based  information 
gathering  and  sharing  system. 

•  Modify  graduate  student  programs  so  they 
are  more  flexible  and  diverse. 

•  Improve  employment  conditions  for 
postdocs  so  they  can  support  their  families  and 
expect  reasonable  job  security. 

•  Increase  participation  of  yoimg  scientists 
at  conferences. 

•  Reduce  constraints  on  expression  by 
graduate  students. 

•  Balance  immigration  policies  and  fair 
treatment  of  foreign  smdents. 

•  Develop  computer  simulation  models  to 
better  predict  science  and  technology  employment 
patterns. 


Box    2-1:    The    plight 
Suggestions  for  change 


of   the    new    PhD 
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FIGURE  2-3  Primary  woric  activity  of  scientists  and  engineers  with  PhDs  from  US 
universities,  1973-1991 


SOURCE:  Calculated  finomNSF.  1991:Table  3,  for  1973-1989  and  BromNSF,  1994d:Table  lO.for  1991. 

NOTES:  See  notes  for  Figure  2-1  forimportantinfomiationabouttheooinparability  of  1991  estimates  with  the 
estimates  for  previous  years. 

The  other  activities  surveyed,  which  accounted  for  nearly  20%  of  the  PhD  scientists  and  engineers  in  1973, 
increasing  to  almost  one-third  in  1991,  included  nunasement  of  non-R&D  acdvities,  consulting,  professional 
services,  statistical/data  analysis/rqwrting,  and  "otho"  and  "no  report" 
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FIGURE  2-4  Change  in  employment  sector  of  scientists  and  engineers  5-8  years  after  receipt 
of  US  doctorates,  1^7  and  1991 

SOURCE:  Special  runs  of  data  firom  the  Survey  of  Doctorate  Recipients  on  employi^ent  seaor  of  US  doctoral 
scientists  and  engineers  5-8  years  after  receiving  the  PhD  (in  this  case,  1969-1972  PhD  recipients  in  1977  and 
1983-1^6  PhD  recipients  in  1991).  Psychology  PhDs.  many  of  whom  go  into  clinical  psychology,  are  not 
includwTn  the  totals 

NOTES:  See  notes  for  Figure  2-1  for  important  information  about  the  comparabihty  of  1991  estimates  with  the 
estimates  for  previous  years. 

Academe  includes  those  employed  at  4-year  colleges,  universities,  and  medical  schools  (including 
university-afniialed  hospitals  and  medical  centers) 

Business/industry  includes  those  who  are  self-employed 

Other  employment  includes  other  education  (junior  colleges,  2-year  colleges,  technical  institutes,  and  elementary . 
middle,  and  secondary  schools),  state  and  local  governments;  hospitals  and  clinics,  private  foundations  and  other 
nonprofit  organizations,  other  employers,  and  those  who  did  not  respond  to  the  employment-sector  question. 


Not  employed  includes  the  unemployed  (seeking  woric)  and  those  not  seeking  employment,  retired,  or  otherwise 
out  of  Uie  workforce  or  not  reporting  workforce  status 
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Unemployment  and  Delayed  Employment 


Recent  graduate  scientists  and  engineers  have  been  experiencing  increasing  delays 
in  securing  permanent  employment. 

The  employment  picture  for  scientists  and  engineers,  especially  for  recent  graduates,  is 
not  clear,  partly  because  the  pertinent  national  surveys  of  new  and  recent  PhD  recipients  lag  by 
several  years.  The  picture  is  complicated  by  wide  differences  among  fields,  some  of  which  are 
shrinking  as  others  grow.  Nonetheless,  we  find  clear  evidence  of  employment  difficulties  in 
many  disciplines. 

Such  difficulties  are  hard  to  detect  with  traditional  measures,  such  as  the  SDR. 
According  to  SDR  data,  unemployment  rates  for  PhD  scientists  and  engineers  have  remained 
steady  and  low  for  the  last  decade,  compared  with  those  in  other  segments  of  the  economy. 
Unemployment  rates  for  PhD  scientists  and  engineers  were  about  1%  in  the  1980s  surveys  and 
about  1.5%  in  the  1990s.  Unemployment  rates  for  the  most  recent  2  years  of  science  and 
engineering  PhD  graduates  were  about  1.5%  in  the  1980s,  but  rose  to  2%  in  1993,  the  last  year 
for  which  data  are  available — a  disquieting  increase  that  bears  watching."  The  latter  rate 
compares  favorably  not  only  with  the  overall  unemployment  rate  (above  6%  in  the  early  1990s), 
but  also  with  unemployment  among  professional  occupations  generally  (2.6%  in  1992  and  1993) 
and  among  those  with  at  least  a  college  degree  (around  3%  in  the  early  1990s)  (see  Figure  2-5). 

The  evidence  obtained  through  committee  panels  and  submitted  comments  (see  Appendix 
G)  and  through  surveys  of  recent  PhDs  by  some  of  the  scientific  societies  shows  that  an 
unusually  high  percentage  of  scientists  and  engineers  are  still  looking  for  employment  at  the  time 
of  or  soon  after  receiving  their  doctorates.  Results  of  surveys  by  the  professional  societies  of 
physicists,  chemists,  and  mathematicians  indicate  that  graduates  in  some  fields  are  experiencing 
double-digit  unemployment  for  increasing  periods  after  graduation.  Recent  scientific  and 
engineering  PhDs  do  eventually  find  employment,  but  in  some  fields  the  process  is  taking 
much  longer  than  it  did  for  their  predecessors. 

For  example,  the  mathematical  societies  conduct  surveys  of  new  PhDs  each  summer  and 
update  them  in  the  spring.  The  percentage  of  new  PhD  mathematicians  still  looking  for 
positions  in  the  summer  was  about  5%  during  most  of  the  1980s  but  in  1990  began  to  rise  to 
more  than  12%  for  the  classes  of  1991-1993.'  According  to  the  American  Mathematical  Society 
(AMS)  the  percentage  of  new  mathematicians  looking  for  employment  the  summer  after 
receiving  their  PhDs  was  14.4%  for  the  class  of  1994,  even  though  the  number  of  new  PhDs 
was  12%  smaller  than  the  class  of  1993  (AMS,  1994b).  Similarly,  the  percentage  of  new  PhDs 
still  unemployed  in  the  next  spring  was  about  3%  in  the  late  1980s,  5%  for  the  class  of  1991, 
7%  for  the  class  of  1992,  and  9%  for  the  class  of  1993  (AMS,  1994a).   The  American  Institute 


'  It  is  not  known  how  much  of  this  increase  in  unemployment  rates  should  be  attributed  to  a  change  in  survey 
methods. 

'  A  class  is  defmed  as  those  graduating  each  year  from  June  lo  June. 


166 


THE  EMPLOYMENT  OF  GRADUATE  SCIENTISTS  AND  ENGINEERS 


Labor 
Force 


4+  Years 
College 

Professionals 

Alius 
PhDs 

NewS&E 
PhDs 


FIGURE  2-S  Unemployment  rates  among  different  occupational  and  educational  groups  in  the 
civilian  noninstitutional  labor  force,  1985-1993 


SOURCES:  US  Bureau  of  the  Census,  l994:Table616,  for  average  montWy  unemployment  of  the  civilian 
noninstitutional  labor  force  aged  16  or  older. 

US  Bureau  of  the  Census,  1994;Table  650,  for  average  monthly  unemployment  of  the  civilian  noninstitutional 
labor  force  aged  25  or  older  with  4  years  or  more  of  college 

US  Bureau  of  the  Census,  1994:Table  649,  and  unpublished  Bureau  of  the  Census  tables,  for  average  monthly 
unemployment  among  civilian  noninstitutional  labor  force  aged  16  or  older  in  professional  specialty  occupations 
(indudes  S&Es) 

NSF,  1991,  NSF,  1994d,  and  unpublished  SDR  t^les,  for  unemployment  among  S&Es  with  doctorates  from  US 
universities. 

Unpublished  SDR  tab\es,  for  unemployment  among  S&Es  1-2  years  after  receiving  PhD  from  US  university. 
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of  Physics  (AIP),  which  also  surveys  new  PhDs  each  year,  found  that  in  1993,  14%  of  new 
doctoral  physicists  looking  for  employment  had  not  received  a  job  offer  around  the  time  of 
graduation,  a  figure  that  dropped  to  6%  six  months  after  graduation.  Preliminary  estimates  for 
the  class  of  1994  indicate  that  those  numbers  were  about  12%  and  4%  respectively  (unpublished 
AIP  data).  An  American  Chemical  Society  survey  of  new  chemists  found  that  more  than  16% 
of  the  PhD  class  of  1993  were  seeking  employment  during  the  summer  of  1993  (Table  B-la  in 
ACS,  1993). 


Underemployment  and  Underutilization 


When  recent  graduates  do  find  employment,  they  are  increasingly  underemployed 
or  underutilized. 

Doctoral  students  trained  in  American  universities  are  traditionally  well  educated  for 
permanent  or  tenure-track  positions  in  which  they  conduct  significant  research  in  universities, 
industry,  or  government  agencies.  In  the  recent  past,  the  US  science  and  technology  enterprise 
has  grown  so  rapidly  that  most  advanced-degree  holders  could  expect  such  a  position  after 
graduation.  Testimony  provided  to  the  committee,  however,  indicates  that  today  many  more 
new  science  and  engineering  PhDs  are  able  to  obtain  only  part-time  positions,  short-term  non- 
tenure-track positions,  postdoctoral  positions  that  are  extended  for  nonacademic  reasons,  or 
positions  that  are  not  of  the  expected  type  and  for  which  one  does  not  explicitly  require  a  PhD 
degree.' 

The  National  Science  Foundation  (NSF)  uses  two  technical  categories  to  describe  such 
conditions.  The  underemployed  are  defined  as  those  working  part-time  but  seeking  full-time 
work  or  those  working  in  a  nonscience  and  nonengineering  job  but  desiring  a  science  or 
engineering  job.  The  underutilized  are  the  unemployed  (those  who  do  not  have  positions  but 
are  seeking  positions)  plus  the  underemployed  (NSF,  1994d:69).  When  considering  the 
employment  trends  that  graduate  scientists  and  engineers  have  generally  had  since  World  War 
II,  underutilized  recent  PhDs  might  be  described  as  scientists  and  engineers  whose  present 
employment  positions  have  not  matched  their  career  expectations. 

The  SDR  includes  both  underemployment  and  underutilization  rates.  In  1991,  for 
example,  89.7%  of  scientific  and  engineering  PhDs  were  employed  and  1.4%  were  unemployed 
(together,  these  are  considered  the  total  scientific  and  engineering  labor  force).'  Of  those 
employed,  1.7%  were  underemployed  as  defined  above.  Therefore,  of  the  total  labor  force, 
3.1%  were  underutilized.   The  underemployment  rate  was  1.3%  in  1985,  1987,  and  1989  and 


'  Data  limitations  prevent  quantitative  analysis  and  verification  of  some  of  these  claims. 

^  The  remaining  8.9%  were  retired,  not  looking  for  work,  or  otherwise  out  of  (he  workforce.  It  is  important 
to  note  that  the  survey  retains  people  in  the  sample  for  42  years,  so  some  people  are  past  common  retirement  ages. 
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1.7%  in  1991,*  The  underutilization  rate  was  2.1%  in  1985,  2.4%  in  1987,  2.1%  in  1989,  and 
3.1%  in  1991.    Those  figures,  of  course,  differ  by  field. 

Anecdotal  information  also  indicates  that  although  recent  scientific  and  engineering  PhDs 
are  seldom  working  in  jobs  for  which  their  graduate  work  is  not  relevant  (e.g.,  working  in  a 
restaurant),  they  are  increasingly  able  to  obtain  only  part-time  or  temporary  positions.  Data 
collected  by  the  scientific  societies  are  also  useful.  For  example,  results  of  the  AMS  survey 
cited  earlier  indicate  that  beyond  the  9%  unemployment  rate,  an  additional  5.5%  of  recent  PhDs 
were  able  to  obtain  only  part-time  positions,  and  more  than  half  those  taking  faculty  jobs  were 
in  non-tenure-track  positions  (AMS,  1994a).  About  10%  of  the  physics  PhD  class  of  1992  was 
working  in  temporary  or  part-time  positions  (Kirby  and  Czujko,  1993:23). 

Another  statistical  indicator  of  underutilization  is  the  rising  percentage  of  new  PhDs 
taking  postdoctoral  positions.  A  postdoctoral  position  is  intended  to  provide  further  depth  of 
education  and  job  preparation,  but  it  can  also  act  as  a  safety  net  when  the  labor  market  is  poor. 
The  number  of  scientists  and  engineers  in  postdoctoral  positions  has  grown  substantially,  from 
less  than  15,000  in  1982  to  more  than  24,000  in  1992  (see  Table  B-38).  From  1991  to  1992, 
the  number  increased  by  5%. 

Surveys  do  not  determine  the  extent  to  which  young  scientists  and  engineers  take 
postdoctoral  positions  for  lack  of  regular  employment.  In  chemistry,  for  example,  the  pool  of 
postdoctoral  scientists  and  engineers  is  estimated  to  have  doubled  during  the  last  10  years  to 
more  than  4,000.  This  is  equivalent  to  the  number  of  chemists  who  receive  PhDs  in  2  years 
(Rawls,  1994).  Some  attribute  at  least  part  of  this  increase  to  the  preference  of 
employers— especially  pharmaceutical  companies— for  chemists  with  3  or  4  years  of  postdoctoral 
experience. 


2.2       EMPLOYMENT  TRENDS  BY  SECTOR 


Most  of  the  long-term  growth  in  employment  demand  for  graduate  scientists  and 
engineers  has  occurred  in  business  and  industry. 

Professional  careers  are  becoming  increasingly  varied  and  nonacademic,  although  this 
varies  somewhat  by  discipline  (see  Figure  2-6).  More  and  more  scientists  and  engineers  are 
being  exposed  to  nonacademic  fields  before,  during,  or  after  their  academic  preparation.    In 


'  As  this  repon  was  going  to  press,  NSF  released  a  Data  Brief  citing  4.3  percent  underemployment  among 
doctoral  scientists  and  engineers  in  1993.  This  rate  should  not  be  compared  with  the  reponed  1991  rate  of  1.7 
percent,  however,  because  the  definition  of  underemployment  was  broadened  between  the  2  survey  years.  In  1991, 
individuals  were  counted  as  underemployed  if  they  were  working  part-time  or  outside  of  science  or  engineering 
when  they  desired  a  science  or  engineering  position.  In  1993,  the  requirement  was  expanded  to  include  those 
working  part-time  or  outside  their  doctoral  field  when  they  desired  a  position  within  their  doctoral  field. 
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FIGURE  2-6  Employment  sectors  of  scientists  and  engineers  with  US  PhDs,  by  broad  field, 
1991 


SOURCE:  Calculated  from  NSF.1994d:Table  9 

NOTES:  Academe  includes  those  eirployed  at  4-year  ooU^es,  universities,  and  medical  schools  (inchiding 
university-affiliated  hospitals  and  medical  centers). 

Business/industry  includes  those  who  are  self-employed. 

Other  employment  includes  other  education  (junior  colleges,  2-year  colleges,  technical  institutes,  and  elementary, 
middle.  mA  secondary  schools);  state  and  locil  govenunents;  ho^itals  and  clinics,  private  foundations  and  other 
nonprofit  organizations;  other  employers,  and  those  who  did  not  respond  to  the  employment-sector  question. 
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addition,  because  more  courses  are  offered  as  evening  or  "distance  learning"  programs,  many 
graduate  students  work  part-  or  full-time  as  they  study. 

Although  most  graduate  scientists  and  engineers  remain  in  the  same  general  field  as  that 
of  their  bachelor's  degree,  many  switch  fields  and  thereby  obtain  interdisciplinary  training. 
Furthermore,  throughout  their  careers,  graduate  scientists  and  engineers  commonly  change 
subjects,  kinds  of  employment,  and  employment  sectors,  moving,  for  example,  between 
educational,  industrial,  business,  and  govenunent  organizations. 

The  following  sections  attempt  to  describe  the  direction  of  employment  trends  by  sector. 
Although  not  included  in  the  following  section  because  of  the  lack  of  information  on  their 
activities,  an  additional  29,000  PhDs  work  in  nonprofit  institutions— including  9,000  in  research 
and  development,  9,500  in  professional  services,  and  6,000  in  administration  (NSF,  1991). 


Education 


Of  students  who  earn  science  and  engineering  PhDs,  the  proportion  who  enter 
academe  has  declined  to  less  than  half,  and  this  long-term  decline  is  likely  to 
continue.  However,  there  is  likely  to  be  increasing  demand  for  teachers  in 
precollege  positions. 

In  the  educational  sector,  according  to  the  1989  SDR,  48%  of  the  22,000  people  working 
in  universities  said  their  primary  activity  was  teaching  and  36%  said  research  and  development 
(24%  basic  research,  12%  applied  research  and  development).  Of  the  10,000  employed  in  other 
educational  institutions  (precollege  and  community  college),  59%  were  teachers  and  15%  were 
administrators  (calculated  from  Table  27  in  NSF,  1991).  In  1992,  of  the  176,777  faculty  and 
staff  (regardless  of  degree)  with  instructional  responsibilities  in  natural  sciences'  and  engineering 
in  postsecondary  institutions,'"  71%  were  full-time  and  29%  were  part-time  (NCES,  1994). 

As  shown  in  Table  2-1,  between  1977  and  1991,  the  proportion  of  scientists  and 
engineers  with  US  doctorates  who  were  employed  in  colleges  and  universities  declined  from 
51%  to  43%."  This  trend  was  true  for  all  fields  except  mathematics  (which  had  a  1-year  rise 
in  1991  after  years  of  decline)  and  engineering.  Only  31  %  of  those  who  received  PhDs  in  1983- 
1986  were  in  tenure-track  positions  or  had  tenure  as  of  1991,  whereas  more  than  35%  of  those 
who  received  PhDs  in  1973-1976  were  in  such  positions  or  had  tenure  in  1981. 


'  "Natural  sciences"  are  defined  by  the  US  Department  of  Education  to  include  biological  sciences,  physical 
sciences,  mathematics,  and  computer  sciences. 

'"  "Postsecondary  institutions"  include  junior  colleges,  4-year  colleges,  and  universities. 

"  Note  that  some  of  this  change  might  be  due  to  an  overestimation  of  the  numbers  of  persons  employed  in 
academe  in  earlier  surveys.  This  analysis  was  done  for  persons  5-8  years  after  they  received  their  PhDs  to  account 
for  the  time  taken  in  postdoctoral  study,  which  varies  by  field. 
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TABLE  2-1  Changes  in  Percentages  of  Scientists  and  Engineers  Employed  in  Academe  5-8 
Years  after  Receiving  US  PhD,  by  Broad  Field,  1977  and  1991 


1977 

1991 

TOTAL 

50.7 

42.9% 

PHYSICAL  SCIENCES 

46.5 

37.3 

Mathematical  sciences 

74.4 

76.0 

Computer  sciences 

45.8 

41.8 

Physics/ Astronomy 

45.9 

38.3 

Chemistry 

32.1 

21.2 

Earth/Environmental  sciences 

50.2 

45.1 

LIFE  SCIENCES 

58.2 

46.5 

Agricultural  sciences 

55.4 

47.1 

Medical  sciences 

56.5 

50.7 

Biological  sciences 

59.1 

45.7 

SOCIAL  SCIENCES 

74.4 

55.4 

Psychology 

45.7 

26.0 

ENGINEERING 

28.8 

32.2 

NOTES:  See  notes  for  Figure  2-1  for  important  information  about  the  comparability  of  1991 
estimates  with  the  estimates  for  previous  years. 

Academe  includes  those  employed  at  4-year  colleges,  universities,  and  medical  schools  (including 
university-affiliated  hospitals  and  medical  centers). 

SOURCE:  Special  runs  of  data  from  the  Survey  of  Doctorate  Recipients  of  employment  sector 
of  US  doctoral  scientists  and  engineers  5-8  years  after  receiving  the  PhD  (in  this  case,  1969- 
1972  PhD  recipients  in  1977  and  1983-1986  PhD  recipients  in  1991).  Psychology  PhDs,  many 
of  whom  go  into  clinical  psychology,  are  not  included  in  the  totals. 
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Consider,  however,  our 
precollege-education  system  as  an 
alternative  employment  market. 
Employment  of  master's-degree 
recipients  and  PhDs  at  the 
precollege  level  is  expected  to 
grow,  and  the  salaries  of  entry- 
level  teachers  at  the  PhD  level  in 
many  precollege  school  systems 
are  not  strikingly  different  from 
those  of  entry-level  professors. 
According  to  Department  of 
Education  projections  for  the  year 
2002,  the  total  number  of  science- 
related  pre-college  teachers  is 
about  480,000  and  is  expected  to 
increase  by  1.3-1.6%  per  year, 
which  would  create  thousands  of 
new  positions  annually  (plus  those 
created  by  retirement  or  attrition). 
The  average  entry-level  salary  of 
a  precollege  teacher  with  a  PhD  is 
about  $35,800,  and  that  of  an 
entry-level  professor  is  about 
$36,600  (NCES,  1991;  1993). 

Some  might  question 
whether  this  is  an  appropriate 
occupation  for  someone  with  a 
PhD  science  or  engineering 
education.  However,     it     is 

generally  agreed  that  a  basic 
education  in  science  and 
mathematics  will  be  essential  to 
prepare  all  Americans  for  effective 
participation  in  our  increasingly 
scientific  and  technical  society  in 
the  21st  century.  The  national 
science-education  standards 
prepared  by  the  National  Research 
Council  call  for  hands-on  inquiry-based  science  to  become  a  core  subject  for  all  Americans 
starting  in  kindergarten  (NRC,  1995  forthcoming).  Who  will  lead  this  effort  in  each  of  the 
16,000  school  districts  in  the  United  States?  And  who  will  teach  our  children  inquiry-based 
science?  Large  numbers  of  scientifically  trained  teachers  are  needed  if  science  and  mathematics 


Gerald  Stancil  received  liis  PhD  in  physical  chemistry 
from  Johns  Hopkins  University  in  1976.  Today  he  is  a 
high-school  physics  teacher  in  Orange,  New  Jersey.  Is  he 
disappointed?  No,  because  when  Dr.  Stancil  came  to  Orange 
High  School,  there  was  one  physics  class  with  13  students. 
Today,  there  are  three  physics  classes  with  75  students. 

He  is  doing  what  he  wants  to  do.  But  he  was  not 
guided  to  this  path  in  graduate  school,  where  he  learned  that 
PhDs  do  not  work  in  public  schools.  Nor  was  he  schooled  in  the 
skills  and  abilities  he  uses  most  today— communication  skills 
and  social  skills— or  in  an  understanding  of  youth  or  a  love  of 
sharing  his  knowledge  with  others. 

Dr.  Stancil  entered  the  high-school  classroom  4  years 
ago  through  a  New  Jersey  program  called  Alternate  Route,  set 
up  specifically  to  attract  people  with  graduate  degrees  to  public- 
school  teaching.  In  his  comments  to  the  committee,  he  noted 
that  such  alternative-teaching  certification  programs  are 
becoming  more  common.  In  the  past,  many  educators  opposed 
hiring  people  at  the  graduate  level;  today,  they  recognize  the 
growing  need  for  better-prepared  teachers  in  science  and 
engineering. 

In  the  New  Jersey  program,  a  1-year  course  leads  to 
provisional  certification.  Then  the  new  teacher  works  with  a 
mentor  and  after  2  years  receives  full  certification.  Other  states, 
including  Maryland,  New  York,  and  Pennsylvania,  have 
initiated  similar  programs. 

Dr.  Stancil  believes  that  PhDs  can  make  a  great 
contribution  to  precollege  education.  He  told  the  conmiittee  that 
many  public-school  students  don't  even  know  what  a  PhD  is; 
for  example,  they  ask  him  for  medical  advice.  He  believes  that 
because  of  such  ignorance,  many  potential  scientists  and 
engineers  are  lost  at  aroimd  the  eighth  grade.  As  a  black  man, 
he  is  able  to  serve  as  a  model  for  minority-group  students,  who 
might  have  little  understanding  of  how  to  approach  a  career  in 
science  and  engineering. 

He  does  not  have  to  make  a  financial  sacrifice  to  do 
what  he  is  doing.  He  told  the  committee  that  people  with  PhDs 
teaching  high  school  make  salaries  comparable  with  the  median 
salaries  at  most  universities.  Starting  teachers  with  PhDs  make 
about  $36,000  in  New  Jersey,  and  senior  PhD  teachers  like  him 
earn  a  salary  of  about  $55,000  for  9  months  of  work  a  year. 


Box  2-2:  A  High- School  Teacher  with  a  PhD 
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are  to  be  core  subjects  for  all  precollege  students;  however,  current  graduate-education  programs 
do  not  provide  sufficient  knowledge,  validation,  or  training  regarding  education  for  graduate 
scientists  and  engineers  to  make  a  transition  from  scientific  and  engineering  research  to  teaching 
at  these  lower  levels. 

Some  states  offer  innovative  certification  programs  in  precollege  teaching  for  those  with 
advanced  degrees  (see  Box  2-2).  As  indicated  by  one  committee  witness,  such  programs  can 
enliven  precollege  education  and  offer  unique  rewards  to  teachers.  Furthermore,  the  talent  of 
motivated  graduate  scientists  and  engineers  should  raise  the  overall  level  of  science  education 
for  younger  students  who  might  eventually  enter  science  and  engineering. 


Government 


Positions  for  graduate  scientists  and  engineers  in  government  are  decreasing,  and 
this  trend  is  likely  to  continue.  However,  there  is  likely  to  be  more  demand  for 
scientists  and  engineers  to  work  in  particular  fields,  such  as  those  related  to 
environmental  protection. 

In  the  government  sector,  of  the  29,000  PhDs  working  for  the  federal  government  in 
1989,  half  were  in  research  and  development  and  one-fourth  were  administrators.  Of  the  16,000 
in  research  and  development,  one-third  were  in  basic  research  and  more  than  half  in  applied 
research.  In  the  case  of  the  11,000  PhDs  working  in  state  government,  about  one-fifth  were  in 
research  and  development  and  one-third  were  in  management  (calculated  from  NSF,  1991). 

The  federal  government  has  long  been  a  major  source  of  employment  for  scientists  and 
engineers.  However,  as  shown  in  Table  2-2,  this  trend  is  decreasing  for  all  fields  except 
earth/environmental  sciences.  As  of  September  1993,  112,543  engineers  and  99,239  scientists 
were  federal  employees.'^  Of  the  engineers,  3,681  had  doctorates  and  25,482  had  master's 
degrees;  of  the  scientists,  18,109  had  doctorates  and  25,744  had  master's  degrees. 

In  1989,  the  federal  government  hired  more  than  13,000  new  scientists  and 
engineers — 1,100  with  PhDs,  2,600  with  master's  degrees,  and  more  than  9,000  with  other 
degrees. 

By  1993,  low  turnover,  program  cuts,  and  hiring  freezes  had  reduced  the  number  of 
newly  hired  scientists  and  engineers  to  barely  4,000,  or  about  71%  fewer  than  in  1989  (81% 
fewer  engineers,  because  of  staff  reduction  in  the  Department  of  Defense,  and  50%  fewer 
scientists).  Moreover,  those  being  hired  were  a  little  older,  probably  because  the  federal 
agencies  had  a  choice  of  people  with  more  experience. 


"  Data  on  federal  employment  of  scientists  and  engineers  were  provided  by  Leonard  Klein,  Associate  Director 
of  the  Office  of  Persoimel  Management,  Career  Entry  and  Employee  Development  Group,  in  a  presentation  to  the 
Committee  on  Science,  Engineering,  and  Public  Policy  at  its  April  6-7,  1994  meeting  at  the  National  Academy  of 
Sciences  in  Washington,  D.C. 
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TABLE  2-2  Changes  in  Percentages  of  Scientists  and  Engineers  Who  Are  Civilian 
Employees  of  the  Federal  Government  5-8  Years  after  Receiving  US  PhD,  by  Broad  Field, 
1977  and  1991 


1977 

1991 

TOTAL 

9.5 

5.9 

PHYSICAL  SCIENCES 

9.1 

5.5 

Mathematical  sciences 

3.5 

1.9 

Computer  sciences 

9.5 

0.8 

Physics/ Astronomy 

13 

9.5 

Chemistry 

6 

2.4 

Earth/Environmental  sciences 

18.0 

22.7 

LIFE  SCIENCES 

9.7 

6.7 

Agricultural  sciences 

16.1 

11.7 

Medical  sciences 

7.8 

5.7 

Biological  sciences 

8.3 

5.7 

SOCIAL  SCIENCES 

5.8 

5.1 

Psychology 

3.8 

2.4 

ENGINEERING 

12.9 

5.4 

NOTES:  See  notes  for  Figure  2-1  for  important  information  about  the  comparability  of  1991 
estimates  with  the  estimates  for  previous  years. 

SOURCE:  Special  runs  of  data  from  the  Survey  of  Doctorate  Recipients  of  employment  sector 
of  US  doctoral  scientists  and  engineers  5-8  years  after  receiving  the  PhD  (in  this  case,  1969- 
1972  PhD  recipients  in  1977  and  1983-1986  PhD  recipients  in  1991).  Psychology  PhDs,  many 
of  whom  go  into  clinical  psychology,  are  not  included  in  the  totals. 
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There  are  niches  of  opportunity  in 
specific  fields,  such  as  energy  and 
environment,  but  the  overall  numbers  are 
steady  or  declining  because  of  staff  reductions 
and  low  turnover. 


Business  and  Industry 


Over  the  long  term,  demand  for 
graduate  scientists  and  engineers  in 
business  and  industry  is  increasing; 
more  employment  options  are 
available  to  graduate  scientists  and 
engineers  who  have  multiple 
disciplines,  minor  degrees,  personal 
communication  skills,  and 
entrepreneurial  initiative. 

In  the  business  and  industry  sector, 
according  to  the  1989  SDR,  of  the  113,000 
working  in  for-profit  organizations,  half  listed 
research  and  development  as  their  primary 
activity.  Most— 35,000— were  in  applied 
research,  and  another  18,000  did  development 
work.  Another  large  group— 29,000— were 
administrators  and  managers  (primarily  of 
research  and  development).  Less  than  3%  of 
the  PhDs  in  industry  were  doing  basic 
research.  Of  the  32,000  who  were  self- 
employed,  half  were  in  professional  services 
and  one-fourth  were  consultants  (calculated 
from  NSF,  1991). 

As  shown  in  Table  2-3,  the  proportion 
of  scientists  and  engineers  employed  in 
business  and  industry  for  all  fields  has 
increased  from  26%  in  1977  to  35%  in  1991. 


Some  PhDs  are  now  adapting  to  fields 
once  considered  remote  from  science  and 
engineering.  Albert  Bellino,  an  eJiecutive  at 
Banker's  Trust  in  New  York,  told  the  committee 
that  investment  banking  is  one  such  field  in  which 
advanced  scientists  and  engineers  are  held  in  high 
esteem. 

Mr.  Bellino  is  a  managing  director  at 
Banker's  Trust,  one  of  a  number  Wall  Street  firms 
that  hire  a  total  of  perhaps  100  PhDs  in  science 
each  year.  His  firm,  for  example,  hires  about  10- 
15  PhDs  each  year.  In  total,  the  company  now 
employs  approximately  150  PhDs  among  its  5,000 
employees.  Most  newly  hired  employees  have 
traditionally  been  economists,  but  the  number  of 
PhDs  in  physical  sciences  and  mathematics  is 
rising.  The  company  believes  that  such  training  is 
excellent  preparation  that  is  easily  transferred  to 
financial  markets. 

There  have  been  other  changes  in  the 
qualities  desired  at  Banker's  Trust.  In  the  past, 
said  Mr.  Bellino,  the  bank  looked  for  these  traits: 
"hardworking,  reliable,  local,  team  player, 
consistent  performer."  Now,  it  prefers  "smart, 
intense,  driven,  problem  solver,  entrepreneur, 
quixotic,  a  little  abrasive."  It  used  to  seek  out 
people  who  were  involved  in  jogging,  swimming, 
tennis,  and  travel;  now,  it  looks  for  bridge,  chess, 
crossword  puzzles,  trading  of  baseball  cards  or 
stamps,  linguistics,  and  music. 

Mr.  Bellino  explained  that  the  latter  traits 
are  desirable  because  investment  banking  has 
become  an  "ideas  business. "  It  wants  people  who 
have  the  best  ideas,  who  know  how  to  implement 
ideas,  and  who  can  manage  risk  on  behalf  of  their 
clients  and  themselves.  It  also  seeks  those  with  an 
interest  in  markets  (for  example,  someone  who  ran 
a  family  fund  or  had  such  a  hobby  as  trading 
baseball  cards)  and  those  whose  communication 
skills  enable  them  to  be  effective  in  a  less- 
hierarchical  organization. 


Box  2-3:  Investment  Banking 


In  some  fields — such  as  chemistry,  engineering,  and  computer  science — graduate  scientists  and 
engineers  have  long  found  employment  in  nonacademic  markets.  But  survey  data,  buttressed 
by  testimony  of  committee  witnesses  and  correspondents,  show  that  this  trend  now  applies  to 
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TABLE    2-3       Changes    in    Percentages   of   Scientists    and    Engineers    Employed 
Business/Industry  5-8  Years  after  Receiving  US  PhD,  by  Broad  Field,  1977  and  1991 


1977 

1991 

TOTAL 

25.6 

34.5 

PHYSICAL  SCIENCES 

30.4 

44.2 

Mathematical  sciences 

12.2 

18.6 

Computer  sciences 

42.0 

50.3 

Physics/ Astronomy 

25.1 

38.2 

Chemistry 

45.5 

60.9 

Earth/Environmental  sciences 

18.6 

22.7 

LIFE  SCIENCES 

12.9 

26.4 

Agricultural  sciences 

17.9 

30.8 

Medical  sciences 

15.9 

26.4 

Biological  sciences 

11.4 

25.4 

SOCIAL  SCIENCES 

5.6 

13.1 

Psychology 

15.4 

36.5 

ENGINEERING 

50.5 

56.7 

NOTES:  See  notes  for  Figure  2-1  for  important  information  about  the  comparability  of  1991 
estimates  with  the  estimates  for  previous  years. 

SOURCE:  Special  runs  of  data  from  the  Survey  of  Doctorate  Recipients  of  employment  sector 
of  US  doctoral  scientists  and  engineers  5-8  years  after  receiving  the  PhD  (in  this  case,  1969- 
1972  PhD  recipients  in  1977  and  1983-1986  PhD  recipients  in  1991).  Psychology  PhDs,  many 
of  whom  go  into  clinical  psychology,  are  not  included  in  the  totals. 
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Other  fields  as  well  (see  Table  2-1).  For  example,  in  biological  sciences,  the  percentage 
employed  in  business  and  industry  increased  from  11%  in  1977  to  25%  in  1991. 

The  evidence  received  by  the  committee  indicates  that  the  trend  will  continue  and  that 
most  job  creation  for  scientists  and  engineers  in  coming  years  will  occur  in  business  and 
industry.  However,  for  a  variety  of  reasons,  some  large  industries  are  modifying  or  closing 
their  central  research  laboratories:  some  have  become  smaller,  and  some  have  shifted  into 
enterprises  that  emphasize  development,  marketing,  and  R&D  activities  that  are  designed 
primarily  for  short-term  economic  gain.  Hence,  although  industries  will  continue  to  perform 
research  and  to  offer  employment,  they  might  not  support  traditional  research  to  the  degree  that 
they  have  in  the  past. 

In  small  and  medium-size  companies,  new  and  emerging  technologies  develop  rapidly. 
Such  companies  provide  one  of  the  few  increases  in  R&D  funding.  Because  staff  sizes  in  such 
companies  are  limited,  successful  science  and  engineering  employees  are  those  who  can  cross 
disciplinary  boundaries  and  have  talents  in  product  development,  manufacturing,  or  technical 
services. 

Jobs  in  industries  that  depend  on  emerging  technologies  show  steady  increases  (which, 
however,  can  fluctuate  with  the  business  cycle).  Within  those  industries  are  fields  that  are 
expanding,  such  as  manufacturing  simulation,  information  science,  computational  simulation, 
software  engineering,  data  processing,  visualization,  forensic  science,  and  electronic  networking. 


2.3       EMPLOYER  PERSPECTIVES 


As  part  of  its  outreach  effort,  the  committee  sent  out  a  call  for  comments  to  over  1,000 
persons:  graduate  students,  postdoctoral  researchers,  professors,  university  administrators, 
industry  scientists  and  executives,  and  representatives  of  scientific  societies.  The  100  responses 
received  (50%  of  which  came  from  industry)  are  summarized  in  Appendix  F.  This  section 
provides  an  overview  of  graduate  education  from  an  employer  perspective. 

Why  do  organizations  employ  individuals  with  a  scientific  background?  Here  is  a  view 
from  the  president  of  a  biotechnology  company: 


We  employ  people  with  a  scientific  background  in  almost  all  aspects  of  our  operations: 
general  management,  marketing  and  sales,  business  development,  regulatory  and  quality 
affairs,  clinical  development,  manufacturing  and,  obviously,  research  and  research 
management.  We  find  that  a  scientific  education  prepares  people  well  for  a  number  of 
careers,  because  it  teaches  them  to  be  analytical,  adaptable,  and  pragmatic  problem- 
solvers.  Furthermore,  the  spirit  of  scientific  enterprise  encourages  them  to  be 
entrepreneurial  which  is  an  increasingly  valuable  personal  quality  across  the  breadth  of 
today's  commercial  environment. 
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What  do  employers  think  of  the  current  science  and  engineering  graduate  education 
program?  Generally,  industry  and  academic  administrators  responded  favorably  to  the  current 
concept  of  graduate  education,  although  they  expressed  some  concern  as  to  the  relationship 
between  that  education  and  the  positions  eventually  attained.  The  following  statement  typifies 
the  general  sentiment:  "We  may  see  some  specific  difficulties  in  the  relationship  between 
academe  and  the  profession  it  is  intended  to  serve,  but  the  structure  itself  is  sound. " 

Some  concerns  were  also  expressed  about  the  level  of  additional  education  that  is  needed 
to  enable  recent  graduates  to  become  fully  participating  employees.  Consider  the  response  from 
one  major  industrial  employer  who  hires  several  hundred  people  with  graduate  science  and 
engineering  degrees  in  laboratories  each  year  from  many  universities  and  in  many  disciplines: 


Even  "the  best  of  the  crop"  take  anywhere  from  6  months  to  2  years  to  become 
good,  productive  industrial  researchers.  Most  recent  graduates,  particularly  those 
who  have  not  summer-interned,  do  not  have  the  foggiest  idea  of  what  industrial 
research  is  all  about.  Some  even  think  that  using  or  developing  technology  to  do 
something  useful  is  not  research  and  if  it  is  a  product  that  makes  a  profit,  is  even 
slightly  dishonorable. 


Those  from  the  academic  arena  had  concerns  as  well— focused  primarily  on  the  teaching  and 
mentoring  skills  of  students  trained  in  the  science  and  engineering  graduate  system.  The 
following  comment  is  from  a  graduate  dean  and  provost: 


I  have  long  been  concerned  about  the  teaching  expectations  of  graduate 
students— all  graduate  students,  not  just  in  the  sciences  and  engineering.  How  we 
can  expect  that  an  individual  will  intuit  teaching  skills  is  an  amazement.  While 
teaching  is  somewhat  an  art,  there  are  many  skills  and  techniques  that  need  to  be 
learned  before  an  individual  should  be  turned  loose  to  teach  a  course.  We  do  our 
graduate  students  no  service,  and  certainly  provide  no  service  to  the  teachers,  if 
we  expect  them  to  function  in  that  capacity...  They  also  need  to  be  prepared  to 
be  academic  advisers.  It  is  not  enough  to  walk  into  a  class  and  conduct  that 
experience.  If  graduate  students  are  to  be  teachers,  they  need  to  know  how  to 
interact  outside  the  classroom  with  undergraduate  students,  providing  them  the 
support  that  they  should  have  during  their  undergraduate  experience. 
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A  common  subject  was  the  changing  environment— in  both  the  industrial  and  the  academic 
world.    The  following  is  from  the  dean  of  a  major  graduate  school: 


Graduates  are  not  necessarily  being  well  trained  to  participate  in  much  of  our 
higher  educational  system  as  faculty:  facilities  for  front-line  research  in  sciences 
are  not  likely  to  get  less  costly.  Not  many  colleges  and  universities  will  be  able 
to  afford  the  kinds  of  equipment  required  for  faculty  to  make  significant 
contributions  to  science  in  many  areas.  If  this  is  true,  most  academic  PhD 
positions  will  be  in  institutions  which  do  not  have  essential  facilities  for  what  is 
viewed  by  these  fields  as  cutting-edge  research.  Either  the  faculty  in  such 
institutions  will  have  to  carve  out  areas  of  research  which  don't  rely  on  expensive 
equipment,  or  they  will  have  to  change  their  expectations  of  being  significant 
players  on  the  national  and  international  science  scene.  It  may  be  that  there 
should  be  some  effort  devoted  to  training  PhDs  for  research  appropriate  to  those 
other  institutions,  either  for  enhancing  their  instructional  roles  or  for  providing 
them  with  realistic  lines  of  research. 


These  are  from  an  industry  perspective: 


In  my  judgment,  educating  and  training  students  to  do  research  as  well  as 
conducting  basic  research  are  still  the  primary  objectives  of  graduate  programs. 
However,  [the  programs]  must  be  responsive  to  changing  national  policies  and 
industrial  needs....  I  would  agree  that  the  American  graduate  system  has  been/is 
a  great  success.  However,  to  ignore  the  indicators  that  show  change  is  needed 
would  be  a  mistake.  Clearly,  the  challenge  ahead  is  to  retain  the  best  of  the 
system  while  making  the  changes  that  will  strengthen  the  nation's  outstanding 
research  universities  and  make  them  more  responsive  to  the  nation's  needs. 


The  days  when  a  person  could  do  a  PhD  thesis  in  surface  thermodynamics  (as  I 
did)  and  reasonably  expect  to  work  in  the  field  for  a  career  are  over— and  I  think 
will  never  return.  One  must  be  ready  with  the  skills  to  change  one's  area  of 
focus  several  times  over  a  career.  Most  PhD  education  is  training  people  in  the 
exact  opposite  direction,  and  I  think  this  needs  to  be  changed  promptly. 
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This  comment  from  a  university  graduate  dean  shows  both  perspectives: 


Unfortunately,  the  training  the  graduates  receive  in  universities  is  not  directed  to 
any  specific  career  path.  Most  of  the  time,  after  some  necessary  training  in  their 
background,  graduate  students  are  pushed  into  narrow  specialization.  The 
consequence  of  such  training  is  that  many  of  them  lack  the  breadth  for  work  in 
industry.  From  what  I  have  seen  from  the  job  offers  received  by  our  engineering 
students,  they  are  successful  with  relatively  less  effort  if  their  research  topic 
and/or  their  assistantship  experience  is  closely  related  to  the  prospective  job 
description. 

The  universities  are  not  doing  any  better  in  training  PhDs  for  academe  either. 
Except  for  the  recent  initiatives  taken  by  some  universities  in  giving  them  pointers 
on  effective  teaching,  generally  their  training  is  in  a  narrow  area  of  research  and 
they  are  faced  with  on-the-job  training. 


There  was  also  a  general  concern  that  although  the  scientific  and  technological  education 
received  was  sufficient,  the  skills  training  that  is  part  of  that  educational  experience  was  not. 
The  following  comment  is  from  a  major  consulting  firm: 


It  is  our  general  finding  that  US  graduate  schools  successfully  continue  their 
tradition  of  producing  well-educated  scientists  and  engineers  that  are  capable  of 
making  important  contributions  in  their  chosen  fields.  We  also  believe  that  the 
effectiveness  of  these  graduates  could  be  enhanced  through  practical  ("hands-on") 
experiences/traineeships,  functioning  as  a  member  of  a  (multidisciplinary)  team, 
strengthened  interpersonal  skills,  ability  to  communicate  clearly  the  purpose 
(including  the  "strategic"  value  and  relevance)  of  the  activity  in  question,  and 
substantial  knowledge  of  the  business  environment/culture  (including  project- 
management  fundamentals,  time/effort/budget  deliverables,  sensitivity  to  human- 
resource  concerns,  safety,  intellectual  property,  etc.). 


These  are  from  international  corporations: 


Why  are  industries  such  as  ours  not  more  accepting  of  PhDs  with  little  or  no 
experience?  Because  many  fresh  PhDs  see  their  research  area  as  their  sole  focus, 
at  least  for  the  immediate  future.  They  generally  tend  to  be  very  narrow.  And, 
more  important,  they  generally  have  no  meaningful  understanding  of  the  business 
of  business.    Some  might  say  that  such  understanding  is  the  responsibility  of 
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business  to  provide.  I  say  no.  A  highly  trained  scientist  or  engineer  cannot  be 
very  effective  if  she/he  has  no  knowledge  at  all  of  how  a  company  is  organized 
and  why,  lacks  understanding  about  the  principal  staff  and  operating  functions, 
is  ignorant  of  the  rudiments  of  accounting  and  finance,  is  unaware  of  product- 
liability  issues  that  directly  affect  product  development,  etc. ,  etc.  Industry  cannot 
be  expected  to  deliver  such  training  and  education  in  a  short  period  of  time. 
True,  with  years  of  experience  working  in  industry  such  knowledge  is  slowly 
acquired— but  it  is  an  extremely  inefficient  transfer  mechanism.  Meanwhile,  in 
the  early  years  when  the  new  technologist  is  working  without  awareness  of  these 
forces  and  boundary  conditions,  that  person  cannot  be  as  effective  as  she/he 
otherwise  might  be.    Careers  are  throttled. 


Most  of  the  new  PhDs  that  we  hire  seem  to  be  relatively  well  prepared  for 
careers  in  our  organization.  I  would  urge,  however,  that  rather  than  move 
towards  increasing  specialization,  which  occurs  very  early  in  their  training,  the 
students  should  be  given  a  broad  array  of  courses  in  related  areas  early  in  their 
training.  I  have  the  impression  that,  also  from  day  one  in  their  program,  students 
are  now  put  into  laboratories  and  given  a  research  project  so  that  they  can 
develop  the  knowledge  and  skills  in  their  specific  area  of  activity  to  allow  them 
to  compete  for  grants  in  the  future.  However,  it  has  been  my  observation  that 
this  type  of  training  limits  their  ability  to  participate  in  multi-disciplinary  teams 
that  are  often  necessary  in  the  industrial  setting. 


We  look  for  top-notch  technical  skills  and  some  evidence  of  ability  to  "reduce  to 
practice"  the  technologies  the  candidate  has  been  involved  in.  If  we  look  at  new 
graduates,  we  look  for  curiosity  about  and  an  appreciation  for  practical 
applications  of  science.  As  we  move  away  from  independent,  stand-alone 
research  and  toward  more  team  projects,  we  screen  and  hire  candidates  based  on 
their  ability  to  work  in  teams,  to  lead  collaborations  and  teams  in  an  effective 
way.  Skills  like  project  management,  leadership,  planning  and  organizing, 
interpersonal  skills,  adaptability,  negotiation,  written  and  oral  communication  and 
solid  computer  knowledge/utilization  are  critical  for  an  industrial  R&D 
scientist/engineer.  If  you  walk  on  water  technically  but  can't  or  won't  explain 
or  promote  your  ideas  and  your  science,  you  won't  get  hired.  If  you  do  get 
hired,  your  career  will  stall. 
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Expectations  are  slightly  different  for  those  with  master's  degrees  and  PhDs.   Here  is  an 
overview  from  a  major  company: 


In  the  case  of  PhDs  we  are  looking  for  high  intelligence  and  creativity,  the  ability 
to  originate  and  conduct  independent  research,  a  research  background  involving 
at  least  a  solid  thesis  research  experience,  and  the  potential  breadth  of  talent  to 
move  from  one  research  field  to  another.  The  flexibility  required  by  the  latter 
point  is  important  to  us  because  we  cannot  hire  new  talent  every  time  we  wish  to 
enter  new  research  fields. 


We  are  also  looking  for 
excellent  communication  and 
interpersonal  skills,  so  that 
with  proper  training  they  can 
develop  into  potential 
management  candidates  both  in 
the  research  organization  and 
in  management  positions  in 
our  operations.  We  have  had 
a  good  track  record  in  our 
research  organization  in 
supplying  high-caliber  talent  to 
our  operations. 

In  the  case  of  master 's-degree 
candidates,  we  are  looking  for 
the  same  kind  of  talents, 
except  we  do  not  expect 
experience  in  conducting 
research. 


In  summary,  the  anecdotal  information 
collected  via  the  committee's  call  for 
comments  indicates  that  although  employers 
are  generally  pleased  with  the  result  of  US 
graduate  education,  they  have  some  specific 


A  number  of  universities  are  attempting  to 
improve  the  preparation  of  graduate  students  who 
plan  to  become  professors.  One  example  is  a  pilot 
program  at  North  Carolina  Slate  University, 
"Preparing  the  Professoriate."  N.C.  Slate  found  in 
focus-group  discussions  that  doctoral  students 
wanted  "opportunities  to  prepare  more  fully  for 
the  academic  life  of  a  professor... to  learn  to  teach 
in  the  same  way  that  ihey  learn  to  do  research  in 
a  significant  and  extensive  advising  atmosphere." 

The  program  uses  "mentoring  pairs," 
each  of  which  teams  a  doctoral  candidate  with  a 
current  or  emeritus  professor.  Throughout  an 
academic  year,  the  mentors  work  with  their 
graduate  students  ("teaching  associates")  to 
develop  individualized  plans  for  substantive 
teaching  experiences'  these  range  from  course 
preparation  and  planning  to  flnal  course 
evaluation. 

Students  document  their  experience  by 
developing  a  professional  portfolio,  which  can 
include  student  evaluations,  letters  of 
recommendation  that  specifically  address  teaching, 
and  evidence  of  course  planning  and  preparation 
with  videotapes.  The  portfolio  may  be  used  when 
a  student  applies  for  a  position  in  academe. 


Box  2-4:  Preparing  Professors 


concerns  as  to  its  breadth,  versatility,  and  skill  development.  In  particular,  employers  do  not 
feel  that  the  current  level  of  education  is  sufficient  in  providing  skills  and  abilities  to  the  people 
that  they  are  interested  in  employing,  particularly  in 
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positions). 


Communication  sicills  (including  teaching  and  mentoring  abilities  for  academic 

Appreciation  for  applied  problems  (particularly  in  an  industrial  setting). 
Teamwork  (especially  in  interdisciplinary  settings). 


They  are  also  concerned  that  the  graduate -education  system— although  acceptable  for  the 
past  employment  world— is  less  and  less  acceptable  in  today's  more  global  world. 


2.4   THE  CHANGING  CONTEXT  OF  EMPLOYMENT 


During  the  preparation  of  this  report, 
the  committee  heard  sufficient  testimony  to  be 
convinced  of  the  considerable  pain  and 
dislocation  among  new  PhDs.  One  forum  for 
such  discussions  is  the  Young  Scientists' 
Network  (YSN),  through  which  junior 
scientists  and  engineers  discuss  employment 
and  other  issues  on  an  Internet  bulletin  board. 
For  example,  the  YSN  recently  posted  an 
open  letter  that  said,  in  part:  "Jobs  in 
research  are  more  than  scarce  today: 
advertised  research  positions  routinely  attract 
hundreds  of  excellent  applicants."  The  tone 
of  the  letter  carried  the  urgency  and  anxiety 
that  the  committee  heard  during  panel 
discussions  with  members  of  the  YSN  and 
with  other  young  scientists  and  engineers. 

The  changes  in  the  employment 
market  described  earlier  suggest  that  the  most 
effective  graduate-education  programs  are  the 
ones  that  prepare  smdents  not  only  for 
independent  careers  in  academic  research,  but 
also  for  nontraditional  employment  in  a 
variety  of  nonacademic  settings  (see  Box  2- 
5).  Universities  and  their  professors  need  to 
revise  the  science  and  engineering  graduate 
curriculum  so  that  smdents  are  educated  and 
prepared  for  the  opportunities  available.  For 
example,  although  employers  prefer  to  hire 


These  are  some  nontraditional  positions  and 
employment  sectors  identified  for  physicists  with 
graduate  degrees  (APS,  1994).  A  list  could  be 
developed  for  other  fields. 

Medicine:     medical-physics     practitioner, 

radiological    technician,    CAT    scan    and    MRI 

technician. 

City,    state,    and    federal    government:    science 

adviser,  science  attache,   state-level  educator  or 

administrator,   transportation  staff,   environment 

staff,    statistics   personnel,   computational   staff. 

World  Bank  staff,  international  trade  personnel. 

International  Atomic  Energy  Commission  (UN) 

staff. 

Computing:    software    developer,    business-data 

handler,  securities  broker,  banking  personnel. 

Small  business:  consultant,  computational  staff, 

forecaster,  data  analyzer,  instrumentation  expert, 

indexer,  abstracting  staff. 

Law:  patent  attorney,  expert  witness. 

Education:   precoUege   teacher,    community   and 

technical  college  staff,  museum  staff,  librarian, 

educational-materials     developer,     district-level 

school  administrator. 

Science      journalism:      newspaper     journalists, 

scientific  journalist. 


Box      2-5:      Nontraditional      Positions      and 
Employment  Sectors 

people  who  have  a  strong  background  in  basic 
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principtes  and  reasoning,  graduate  research  activities  often  focus  on  specialized  training  and 
techniques. 

In  addition,  more  opportunities  are  available  to  graduates  who  are  flexible  enough  to  shift 
careers.  The  field  that  is  "hot"  when  a  student  enters  graduate  school  might  cool  by  the  time 
of  graduation.  The  first  permanent  job  will  seldom  be  the  last,  as  workers  in  all  fields  are 
expected  to  change  positions  and  even  careers  with  greater  frequency.  Job-seekers  who  do  not 
limit  their  educational  preparation— or  their  job  search— to  traditional  research  positions  might 
be  better  able  to  take  advantage  of  a  vocational  environment  that  is  changing  rapidly. 

As  indicated  in  Appendix  F,  committee  testimony  and  written  comments  from  a  variety 
of  employers  supported  that  point  of  view— that  employers  favor  potential  employees  who 


•  Can  collaborate  across  disciplines,  in  various  settings,  and  learn  in  fields  beyond 
their  specialty. 

•  Can  adapt  quickly  under  changing  conditions. 

•  Work  well  in  teams  and  demonstrate  leadership  ability. 

•  Can  work  with  people  whose  languages  and  cultures  are  different  from  their  own. 


In  some  cases,  multiple  advanced  degrees  or  multidisciplinary  backgrounds  will  be  useful. 
For  example,  a  student  who  combines  a  degree  in  life  sciences  with  a  law  degree  might  be  well 
qualified  for  the  specialty  of  patent  law  within  biotechnology.  Likewise,  a  minor  in  geology 
might  help  an  ecologist  to  obtain  employment.  Other  growing  multidisciplinary  fields  are 
biostatistics,  numerical  analysis,  operations  research,  and  digital  signal  processing.  In  some 
fields,  single  projects  require  multiple  skills.  For  example,  engineers  with  specialties  in 
interdisciplinary  fields  like  transportation  are  more  likely  to  find  employment  than  their 
mechanical-  or  civil-engineering  counterparts. 

Others  have  emphasized  the  extent  to  which  strong  scientific  training— with  its  emphasis 
on  analytical  problem-solving,  experimental  strategy,  and  creativity— prepares  a  person  for 
productive  roles  in  government,  business,  and  industry  beyond  roles  that  require  the  specific 
scientific  or  technical  expertise  acquired  in  the  education  process. 

It  is  impossible  to  predict  whether  the  rapid  growth  of  traditional  positions  will  resume 
during  the  1990s,  as  was  widely  predicted  in  the  late  1980s  (Atkinson,  1990;  Bowen  and  Sosa, 
1989;  NSF,  1989).  History  has  shown  that  employment  trends  for  graduate  scientists  and 
engineers  are  particularly  difficult  to  forecast  (Fechter,  1990;  Leslie  and  Oaxaca,  1990;  Vetter, 
1993).  Public  spending  on  R&D  and  employment  of  scientists  and  engineers  can  change 
suddenly  in  response  to  unexpected  events,  such  as  the  launching  of  Sputnik  in  1957  and  the 
collapse  of  the  Soviet  Union  and  the  economic  recession  of  the  early  1990s.  The  continuing 
debate  over  employment  of  scientists  and  engineers  clearly  requires  a  continuing  re-evaluation 
of  the  graduate  education  and  training  of  scientists  and  engineers. 
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3.1       OVERVIEW 


The  recent  increase  in  annual  production  of  scientists  and  engineers  with  graduate 
degrees  extends  a  trend  of  steady  growth. 

In  1993,  more  than  25,000  scientists  and  engineers  received  PhDs  from  US  universities, 
up  from  about  18,400  in  1983  (NSF,  19940-  In  the  same  year,  some  80,000  scientists  and 
engineers  received  master's  degrees  from  US  universities  (including  those  who  intended  to 
continue  toward  the  PhD  degree),  a  number  that  has  increased  steadily  from  about  65,000  a  year 
in  the  early  1980s  (NSF,  1994b). 

Most  of  the  recent  increase  in  the  number  of  science  and  engineering  PhDs  awarded 
annually  can  be  accounted  for  by  an  influx  of  foreign  students  (discussed  later  in  this  chapter). 
Including  those  students,  average  growth  in  the  total  science  and  engineering  graduate-student 
population  has  averaged  about  2.5%  per  year  since  1982.  The  total  number  of  graduate  students 
in  science  and  engineering  in  the  United  States  rose  from  339,600  in  1982  to  431,600  in  1992, 
an  increase  of  27%  (Table  5  in  NSF,  1994a).    Figure  3-1  shows  this  growth  by  major  field. 

In  1992,  most  graduate  science  and  engineering  students  (87%)  were  enrolled  in 
universities  that  grant  doctorates,  a  percentage  that  has  varied  only  slightly  since  the  Survey  of 
Doctorate  Recipients  began  in  1975  (NSF,  1994a).    Most  (67%)  were  full-time  students. 
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1984 


1986 


1988 
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Year 


Physical/Math  , .,    „  .  Soc/Behavioral  ^     . 

Life  Sciences       ^_. Engineering 


Science 


Sciences 


FIGURE  3-1  Science  and  engineering  graduate  student  enrollment,  by  broad  field,  1982-1992. 

SOURCE:  Calculated  from  NSF,  1994a:Table  1 

NOTES:  The  broad  fields  are  defined  as  in  the  notes  to  Figure  1-1. 
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3.2       THE  MASTER'S  EXPERIENCE 


In  some  fields,  a  master's  degree  is  the  professional  norm. 

A  master's  degree  generally  entails  2  years  of  coursework.  Some  master' s-degree 
programs  require  a  research  thesis,  others  do  not.  In  the  latter  case,  the  master's  degree  is  not 
so  much  a  terminal  degree  as  a  recognition  of  the  coursework  and  qualifying  examinations 
completed  after  about  2  years  in  a  doctoral  program. 

In  recent  decades,  the  2-year  master's  degree  has  served  in  some  fields  as  the  terminal 
degree.  For  example,  the  American  Society  for  Engineering  Education  in  1987  reaffirmed  the 
appropriateness  of  the  master's  degree  for  engineering  smdents  not  expecting  to  enter  careers 
in  research  or  university  teaching  (ASEE,  1987).  About  4.6  times  as  many  master's  degrees  in 
engineering  are  awarded  each  year  as  engineering  PhDs  (for  comparison,  the  ratio  in  the 
physical  sciences  is  close  to  unity)  (NSF,  1994b).  The  master's  degree  is  also  a  customary  end 
point  in  public  health,  computer  science,  and  bioengineering  and  for  those  who  want  to  teach 
in  high  schools  and  community  colleges. 

Data  on  the  number  of  master's  degrees  by  field,  sex,  race,  and  citizenship  are  included 
in  Tables  B-16  through  B-19  in  Appendix  B  and  on  the  employment  of  new  master's-degree 
recipients  in  Appendix  C. 


3.3       THE  DOCTORAL  EXPERIENCE 


Acquisition  of  research  skills  is  central  to  the  doctoral  experience. 

The  typical  PhD  program  constitutes  a  two-part  experience  of  great  depth  and  intensity 
that  lasts  4  or  more  years.  The  first  part  consists  of  about  2  years  of  course  work.  The  second 
part  focuses  on  a  doctoral  dissertation  based  on  original  research  that  might  take  2  or  3  years 
or  more  to  complete.  The  dissertation,  as  a  demonstration  of  ability  to  carry  out  independent 
research,  is  the  central  exercise  of  the  PhD  program.  When  completed,  it  is  expected  to 
describe  in  detail  the  student's  research  and  results,  the  relevance  of  that  research  to  previous 
work,  and  the  importance  of  the  results  in  extending  understanding  of  the  topic  (CGS,  1990). 

It  is  customary  in  most  fields  of  science  and  engineering  for  a  doctoral  candidate  to  be 
invited  to  work  as  a  research  assistant  (RA)  on  the  project  of  a  faculty  member;  an  aspect  of  this 
research  project  often  becomes  the  subject  of  the  student's  dissertation.  A  traditional  expectation 
of  many  students  (and  their  professors)  is  that  they  will  extend  this  work  by  becoming  university 
faculty  members.  If  they  do,  promotion  and  tenure  depend  to  a  great  extent  on  continuing 
research  publication. 

A  properly  structured  requirement  for  demonstrated  ability  to  perform  independent 
research  continues  to  be  the  most  effective  means  to  prepare  bright  and  motivated  people  for 
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research  careers.  Original  research  demands 
high  standards,  perseverance,  and  a  first-hand 
understanding  of  evidence,  controls,  and 
problem-solving,  all  of  which  have  value  in  a 
wide  array  of  professional  careers. 

In  the  course  of  their  dissertation 
research,  doctoral  students  perform  much  of 
the  work  of  faculty  research  projects  and 
some  of  the  university's  teaching.  Therefore, 
iastitutions  and  individual  professors  have 
incentives  to  accept  and  help  to  educate  as 
many  graduate  (and  postdoctoral)  researchers 
as  they  can  support  on  research  grants, 
teaching  assistantships,  and  other  sources  of 
funding.  By  the  time  they  receive  PhDs, 
63%  of  science  and  engineering  graduate 
students  have  been  RAs  and  half  have  been 
teaching     assistants.  This     system     is 

advantageous  for  institutions,  to  which  it 
brings  motivated  students,  outside  funding, 
and  the  prestige  of  original  research 
programs.  And  it  is  advantageous  for  the 
graduate  students,  for  whom  it  supports  an 
original  research  experience  as  part  of  their 
education. 

Although  the  research  component  of 
the  doctoral  experience  is  dominant,  other 
components  are  also  important.  They  include 
a  comprehensive  knowledge  of  the  current 
state  of  knowledge  and  techniques  in  a  field 
and  an  informed  approach  to  career 
preparation.  Because  of  the  recent  trend 
toward  large  group  projects  in  some 
disciplines — in  which  a  research  topic  is 
divided  among  a  number  of  students, 
postdoctoral  fellows,  and  faculty — a  PhD 
candidate  can  become  so  focused  on  a 
particular  technique  that  there  might  be  little 
opportunity  for  independent  exploration  of 

related  fields  or  career  options.  When  a  graduate  student  becomes  essential  to  a  larger  research 
project,  completion  of  the  degree  can  be  unduly  delayed.  Furthermore,  students  working  on 
tightly  focused  research  might  conclude  that  this  is  the  only  valued  achievement  for  scientists 
and  engineers. 


Carnegie-Mellon  University  in 
Pittsburgh  is  one  institution  that  is  experimenting 
with  a  number  of  reforms.  Paul  Christiano, 
provost  of  the  university,  offered  the  committee 
a  summary  of  trends  affecting  graduate 
education  in  science  and  engineering: 


•  More  cross-fertilization  between 
disciplines  to  exploit  new  opportunities. 

•  Somewhat  greater  emphasis  on 
master's-degree  programs. 

•  Greater  interest  in  advanced  nondegree 
programs. 

•  More  teaching  practice  for  faculty  and 
graduate  students,  complemented  by  a  new 
teaching  center. 


Dr.  Christiano  said  that  new 
commercial  and  societal  needs  invite  iimovative 
approaches  to  graduate  education.  He  cited  a 
need  for  more  interdisciplinary  programs  and  for 
an  appreciation  of  the  value  of  graduate 
education  by  potential  students  and  employers. 

He  also  identified  some  obstacles  to 
change,  including  reduced  interest  of  US 
students  in  science  and  engineering,  institutional 
inertia,  and  the  short-term  view  of  industry 
sponsors.  For  example,  in  the  case  of  industry, 
he  has  found  that  graduates  of  Camegie- 
Mellon's  research  cer.ier  for  engineering  design 
have  not  always  been  well  accepted  by  some 
employers,  because  its  graduates  are  not  linked 
to  a  traditional  field.  He  felt  that  such  obstacles 
could  be  reduced  by  better  communication  and 
more  interaction  between  universities  and 
industry,  which  would  demonstrate  the  benefits 
of  interdisciplinary  centers. 


Box    3-1: 
reform 


Experimentation   and    obstacles   to 
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In  many  fields,  nonresearch  jobs  are  accorded  lower  status  by  faculty;  students  who  end 
up  in  such  jobs,  especially  outside  academe,  often  regard  themselves  as  having  failed  (that  is  less 
true  in  engineering  and  chemistry,  in  which  nonacademic  employment  is  often  the  norm).  If  the 
number  of  academic-style  research  positions  continues  to  level  off  or  contract,  as  seems  likely, 
a  growing  number  of  PhDs  might  find  themselves  in  nonacademic  careers  to  which  they  have 
been  encouraged  to  give  little  respect. 


3.4       TIME  TO  DEGREE 


The  average  time  to  complete  a  doctoral  degree  has  increased  for  graduate  students 
in  all  science  and  engineering  fields. 

Over  the  last  30  years,  the  average  time  it  takes  graduate  students  to  complete  their 
doctoral  programs,  called  the  "time  to  degree"  (TTD),  has  increased  steadily.  One  measure, 
the  median  time  that  each  year's  new  PhDs  have  been  registered  in  graduate  school,  has 
increased  in  some  fields  by  more  than  30%.  (The  time  to  master's  degree  does  not  seem  to  have 
increased,  although  no  one  collects  national  statistics  on  it.) 

The  lengthening  of  the  period  of  graduate  work  is  accompanied  by  a  second  trend.  It  has 
become  more  common  for  new  PhDs  in  many  fields  to  enter  a  period  of  postdoctoral  study 
(discussed  at  the  end  of  this  chapter),  to  work  in  temporary  research  positions,  and  to  take  1- 
year  faculty  jobs  before  finding  a  tenure-track  or  other  potentially  permanent  career-track 
position. 

We  are  concerned  about  the  increasing  time  spent  by  young  scientists  and  engineers  in 
launching  their  careers.  Spending  time  in  doctoral  or  postdoctoral  activities  might  not  be  the 
most  effective  way  to  use  the  talents  of  young  scientists  and  engineers  for  most  employment 
positions.  Furthermore,  because  of  the  potential  financial  and  opportunity  costs,  it  might 
discourage  highly  talented  people  from  going  into  or  staying  in  science  and  engineering. 

The  median  number  of  years  between  receipt  of  the  bachelor's  degree  and  the  doctorate 
in  science  and  engineering  has  increased  from  7.0  years  during  the  1960s  to  8.7  years  for  those 
who  received  doctorates  in  1991  (Table  5  in  NSF,  1993b).  Graduate  students  in  the  physical 
sciences  have  shorter-than-average  overall  completion  times — about  7  years — and  social  scientists 
have  longer-than-average  completion  times— about  11  years  (see  Figure  3-2).  The  remaining 
science  and  engineering  fields  average  between  8  and  9  years. 

The  median  time  registered  in  doctorate  programs  is  shorter  than  total  TTD  (the  interval 
from  receipt  of  a  bachelor's  degree  to  receipt  of  a  PhD)  because  many  graduate  students  take 
some  time  between  college  and  graduate  school  to  work,  and  some  take  time  off  during  graduate 
school.  Because  time  out  between  college  and  graduate  school  can  be  valuable  for  gaining  work 
experience  and  more  mature  decision-making  about  careers,  an  increase  in  years  from  bachelor's 


92-585    95-7 


190 


RESHAPING  THE  GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS 


REGISTERED  TIME 


Social  Sciences 


01  23456789        10       11        12 

Median  Years  to  Degree 

TOTAL  TIME 


2         3        4         5        6        7 

Median  Years  to  Degree 


10       11       12 


FIGURE  3-2  Median  years  to  degree  for  doctorate  recipients,  by  broad  field,  1993 

SOURCE   Appendix  Table  B-29 

NOTES:  Toiallime  is  the  number  of  years  between  receipt  of  the  bacheloi's  degree  and  receipt  of  the  PhD. 

Registered  time  is  the  amount  of  time  actually  enrolled  in  graduate  school  (thus,  it  might  t>e  less  than  die  time 
closed  fh}m  entry  into  graduate  school  and  completion  of  the  PhD). 
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degree  to  doctorate  is  not  a  problem.  But  registered  time  to  degree  (RTTD)'  has  also  increased 
steadily  over  the  last  30  years.  The  median  RTTD  for  engineering  PhDs  increased  from  5.0 
years  in  1962  to  6.2  years  in  1992.  In  1992,  it  was  6.7  years  for  PhDs  in  the  life  sciences,  6.5 
years  in  the  physical  sciences,  and  7.5  for  the  social  sciences  (Table  6  in  NRC,  1993). 

Our  understanding  of  factors  that  affect  TTD  is  incomplete.  One  finding,  reported  for 
psychology,  is  that  TTDs  are  longer  when  there  are  many  students  per  faculty  member  or  many 
students  overall  (Striker,  1994).  The  National  Research  Council's  Office  of  Scientific  and 
Engineering  Personnel  in  1990  tested  a  five-variable  model  over  11  fields  of  science  and  could 
find  no  cause  or  set  of  causes  to  explain  the  trend  (Striker,  1994;  Tuckman  et  al.,  1990). 

Some  researchers  explain  the  increase  in  TTDs  by  pointing  to  the  increasing  complexity 
and  quantity  of  knowledge  required  for  expertise  in  a  given  field.  Another  possible  explanation 
is  the  tendency  of  some  faculty  to  extend  the  time  that  students  spend  on  research  projects 
beyond  what  is  necessary  to  meet  appropriate  requirements  for  a  dissertation.  The  Council  of 
Graduate  Schools  (CGS)  reports  that  lack  of  financial  support  during  the  dissertation  phase 
substantially  extends  TTD.  as  do  difficulties  in  topic  selection,  unrealistic  expectations  for  the 
amount  of  work  that  can  be  completed  in  a  dissertation,  and  inadequate  guidance  by  advisers. 
Still  other  reasons  are  poor  undergraduate  preparation,  student  reluctance  to  leave  the  congenial 
life  of  academe,  and  postponement  of  graduation  in  the  face  of  uncertain  employment  prospects 
(CGS,  1990). 

There  has  been  little  research  on  how  students  spend  the  extra  time  that  they  take  to  earn 
a  degree— whether  in  classwork,  studying  for  general  examinations,  doing  thesis  research, 
working  as  teaching  assistants  or  research  assistants,  etc.  In  a  tight  labor  market,  students  might 
hope  that  the  extra  time  might  provide  them  with  a  better  thesis  and  thus  a  better  chance  at  a 
research  position,  but  information  on  this  is  not  readily  available. 


3.5       MECHANISMS  OF  ASSISTANCE  FOR  GRADUATE  EDUCATION 


Research  grants,  whose  primary  purpose  is  to  support  research,  exert  a  powerful 
influence  on  the  format  of  graduate  education. 

Table  3-1  provides  an  overview  of  the  sources  of  graduate  school  support  for  doctorate 
recipients  by  broad  field  in  1993.  Master's-degree  students  are  mainly  self-supporting  (and  often 
hold  full-time  jobs  while  studying),  but  most  PhD  students  offset  the  cost  of  graduate  education 
with  grants  and  other  forms  of  support  from  state  and  federal  governments,  industries, 
universities,  nonprofit  groups,  and  others.  The  amount  and  kind  of  support  vary  widely  by  field 
(see  Appendix  B,  Table  B-7). 


'  Registered  lime  is  the  amount  of  time  actually  enrolled  in  graduate  school  (thus,  it  might  be  less  than  the 
time  elapsed  from  entry  into  graduate  school  and  completion  of  the  PhD). 
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In  1992,  according  to  a  survey  of  graduate  departments,  41%  of  the  126.000  full-time 
graduate  science  and  engineering  students  received  their  primary  support  from  their  institutions, 
31%  provided  most  of  their  own  funds  (including  funds  from  federally  guaranteed  loans),  and 
20%  depended  primarily  on  federal  sources,  primarily  in  the  form  of  research  assistantships, 
graduate  fellowships,  and  training-grant  positions  (Table  12  in  NSF,  1994a).  However,  federal 
support  for  students  in  the  biological  and  physical  sciences  was  higher  (34%  and  36%, 
respectively).  One-fourth  of  those  with  instiUitional  support  received  it  in  the  form  of  research 
assistantships,  half  received  teaching  assistantships,  and  the  remaining  one-fourth  were  supported 
by  a  mix  of  fellowships,  traineeships,  and  other  forms  of  support. 

The  preceding  discussion  underestimates  the  importance  of  federal  support,  especially  to 
RAs,  because  they  were  measured  at  one  time  (1992).  Typically,  graduate  students  depend  on 
different  sources  of  support  in  different  phases  of  graduate  work— perhaps  as  teaching  assistants 
(TAs)  in  the  first  2  years  and  then  as  RAs  while  doing  dissertation  research.  By  the  time 
students  receive  the  doctorate,  nearly  two-thirds  have  been  RAs  and  half  TAs  (see  Figure  3-3). 
The  students  reporting  this  information  are  not  always  sure  of  the  ultimate  source  of  their  RA 
funds,  and  the  reported  data  do  not  distinguish  between  federal  and  institutional  RAs  (Table  A-5 
in  NRC.  1993).  But  we  believe  that  most  RAs  are  supported  by  federal  research  grants  and 
contracts. 

Since  the  early  1970s,  virtually  all  growth  in  federal  support  of  scientists  and  engineers 
in  academe  has  been  in  the  form  of  grants,  contracts,  and  cooperative  agreements  for  R&D 
projects  (Figure  3-4).  Federal  fellowship  and  traineeship  programs  were  cut  back  substantially 
in  the  early  1970s.  The  research-assistantship  mechanism  began  to  grow  in  importance  as 
faculty  used  their  research  grants  to  support  graduate  students.  Federal  support  of  graduate 
fellowships  and  traineeships  fell  steadily  as  a  percentage  of  overall  federal  funding  (Figure  3-5). 
As  a  result,  the  federal  government  has  supported  graduate  education  for  the  last  2  decades 
primarily  through  its  support  of  faculty  research  projects,  rather  than  direct  support  of 
graduate  students. 

There  are  no  clear  guidelines  for  distributing  the  various  types  of  federal  support.  The 
research  assistantship  has  become  dominant,  but  not  as  a  result  of  an  education  policy.  The 
number  of  PhDs  produced  now  reflects  more  closely  the  availability  of  research  funds  than  the 
employment  demand  for  PhDs.  There  are  several  drawbacks  to  this  dependence  on  research 
grants.  One  is  that  the  pressure  to  produce  new  research  results  extends  to  graduate  students, 
who  easily  gain  the  impression  that  hard,  goal-oriented  work  on  a  specific  project  is  the  most 
important  aspect  of  graduate  education.  As  already  noted,  PhD  students  can  become  so  involved 
in  the  work  of  the  faculty  investigators  under  whose  grants  they  conduct  their  dissertation 
research  that  little  time  is  left  for  independent  exploration  or  other  educational  activities.  Even 
the  best-intentioned  professors  might  lack  the  time  to  impart  a  broad  appreciation  of  their 
discipline  or  to  encourage  their  RAs  to  investigate  the  discipline  thoroughly  or  plan  their  careers. 
Efforts  should  continue  to  be  made  to  make  this  experience  as  profitable  and  broadening  as 
possible  so  that  graduate  scientists  and  engineers  are  prepared  for  all  kinds  of  careers. 

In  addition,  the  peer-review  process,  effective  as  it  is  at  judging  the  research  ability  of 
academic  researchers,  does  not  try  to  evaluate  the  educational  value  of  the  research  projects  that 
can  constitute  the  central  activities  of  graduate  smdents  (although  contribution  to  education  is 
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Physical/Math  Life 


Social  Engineering 

Broad  Field 


Total 


□  Research        W^  Teaching 
Assistantship  ^^  Assistantship 


FIGURE  3-3  Incidence  of  research  assistantships  and  teaching  assistantships  among  US  PhDs, 
by  broad  field,  1993 

SOURCE:  NRC.  1995  Table  A-5 

NOTES:  1993  doctoral  recipients  also  reported  many  other  sources  of  support  (see  Table  3-1) 
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1966 


1970 


1975      1980 
Fiscal  Years 


1985 


1990  1992 


Total  Academic  R&D  Grad  Fellow/  Other  Scientists  & 

R&D  Project  Funding       Trainee       Engineers  Support 


FIGURE  2  A  Types  of  support  for  academic  R&D,  1966-1992  (billions  of  1987  dollars) 

SOURCE    NSF.  1994c:Table  5. 

NOTES    Research  assistantships  are  included  as  part  of  R&D  projects.  Other  inchides  R&D  plant,  scientists  and 
engineers  facilities,  goieral  scientists  and  engineers  support,  and  othw  scientists  and  engineers  activities. 
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1966  1970 


1975  1980 

Fiscal  Years 


1985 


19901992 


n  Other  S&E 
Support 
□  Grad  Fellow/ 
Trainee 
□  R&D  Project 
Funding 


FIGURE  3-5  Mix  of  federal  support  for  academic  scientists  and  engineers,  1966-1992 
SOURCE    NSF.  1994c  Table  5 

NOTES    Research  assistantships  are  included  as  part  of  R&D  projects   Other  includes  R&D  plant,  scientists  and 
engineers  facilities,  general  scientists  and  engineers  support,  and  other  scientists  and  engineers  activities 
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technically  one  of  four  criteria  used  to  judge  National  Science  Foundation  grants) .  And  a  project 
or  research  environment  of  high  educational  merit  will  not  necessarily  impress  a  peer-review 
committee  charged  with  judging  the  scientific  merit  of  a  proposed  research  topic  and  the  ability 
of  a  principal  investigator  to  carry  it  out. 


3.6       CAREER  INFORMATION  AND  GUIDANCE 


Graduate  students  do  not  routinely 
receive  accurate,  timely,  and 
complete  information  on  the  array 
of  available  careers  in  science  and 
engineering. 

Several  government  agencies  and 
private  organizations  collect  and  publish 
information  relevant  to  the  careers  of 
graduate  students,  including  the  National 
Science  Foundation,  the  Bureau  of  Labor 
Statistics,  and  the  National  Research  Council. 
Those  data  are  of  interest  to  three  more  or 
less  distinct  communities: 


•  The  professionals  who  generate 
the  data,  including  universities,  professors, 
students,  and  professional  societies. 

•  The  National  Science 
Foundation,  which  arranges  and  presents  data 
to  be  used  by  others. 

•  A  small  number  of  people  who 
study  and  use  human-resources  data. 


New  employment  trends  are  already 
obliging  some  universities  to  pay  more  attention  to 
PhD  placement.  Theodore  Poehler,  vice  provost 
for  research  at  Johns  Hopkins  University,  told  the 
committee  that  his  university  used  to  pay  little 
attention  to  placement  of  graduate  scientists  and 
engineers.  However,  now  that  they  are  paying 
more  attention,  they  are  fmding  thai  one  incentive 
for  doing  so  is  that  increasing  numbers  of  students 
are  considering  imconventional  careers.  For 
example,  of  the  six  new  PhDs  in  one  graduate 
program  at  Hopkins  last  year  (three  US  women, 
three  foreign  men),  two  went  to  small  companies, 
two  went  to  postdoctoral  positions,  one  had 
numerous  offers  from  around  the  world,  and  one 
became  a  NASA  program  manager. 

Because  of  that  experience,  Johns 
Hopkins  is  trying  to  provide  graduate  students  with 
more  educational  options  to  prepare  them  for  a 
wider  range  of  career  opportunities.  For  example, 
the  university  offers  more  faculty  and  graduate 
students  more  opportimities  for  interdisciplinary 
research  and  education  and  for  'life-long 
learning." 

In  addition,  when  funding  is  available,  the 
university  encourages  graduate  students  to  travel  to 
national  meetings  where  they  can  present  their 
research  results  and  to  workshops  where  they  can 
meet  representatives  of  small  companies  and  other 
potential  employers. 


In  general,  the  data  that  are  available 
are  not  presented  in  formats  designed  for  use 
by  students  or  faculty  advisers  in  choosing 
and  planning  careers  in  science  and 
engineering.    Moreover,  in  most  cases,  there 

is  a  lag  of  several  years  between  the  gathering  of  data  and  their  publication 
graduate  students  lack  adequate  information  to 


Box  3-2:  Enhancing  Graduate  Student  Career 
Opportunities 


As  a  result, 
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•  Design  their  own  education  and  career-development  strategies. 

•  Gain  a  realistic  understanding  of  employment  prospects. 

•  Recognize  likely  future  demand  for  scientists  and  engineers,  by  field. 

•  Understand  the  dynamics,  structure,  and  evolution  of  the  scientific-research 
system. 


More-effective  guidance  is  clearly  required.  A  prevailing  belief  in  higher  education  is 
that  faculty  members  "naturally"  know  how  to  be  dissertation  advisers  through  their  own 
experience  as  students  and  teachers.  That  might  be  true  when  it  comes  to  advising  students  who 
will  enter  academic  careers,  but  many  (if  not  most)  faculty  members  have  little  experience  with 
or  awareness  of  nonacademic  job  opportunities  and  so  cannot  be  effective  advisers  for  other 
students. 


3.7 


THE  GRADUATE  EDUCATION  OF  WOMEN  AND  MINORITY-GROUP 
STUDENTS 


The  presence  of  women 
and  minority-group 
students,  although 
increasing,  is  still  small 
relative  to  the  population 
as  a  whole  in  nearly  all 
science  and  engineering 
fields.  In  the  long  run,  it 
is  in  the  interest  of  all  to 
recruit  a  fair  share  of  the 
most-able  members  of 
society  into  science  and 
engineering.  Meanwhile, 
efforts  should  continue  to 
ensure  that  all  people 
with  talent  have  an  equal 
opportunity  to  enter 
science  and  engineering 
careers. 

Women  and  minorities  are 
underrepresented  as  graduate 
students     and     particularly     as 


Feniosky  Pena,  a  doctoral  candidate  in  engineering  at 
MIT  who  is  performing  an  internship  with  industry,  told  the 
committee  that  he  experienced  a  troublesome  culture  gap  when 
he  began  his  studies. 

As  a  native  of  the  Dominican  Republic,  he  had  been 
taught  to  respect  authority.  At  MIT,  he  was  reluctant  to 
question  his  adviser,  who  in  turn  thought  that  Mr.  Pena  lacked 
a  grasp  of  his  subject.  Furthermore,  the  adviser  used  a 
technique  of  persistent  interrogaiion,  which  Mr.  Pena  found 
humiliating.  He  heard  this  difficulty  described  by  others  at 
minority-group  conferences,  where  students  told  him  that  they 
felt  "stupid"  when  dealing  with  their  advisers,  classmates,  or 
teachers. 

He  suggested  that  if  faculty  were  familiar  with  other 
cultures,  such  misimderstandings  could  be  avoided.  He  said  that 
minority-group  students  need  more  "nurturing"  if  they  are  to 
reach  a  good  imderstanding  of  the  education  environment  in  the 
United  States. 

Mr.  Pena  added  that  the  racial  diversity  that  minority- 
group  members  bring  to  campuses  is  not  valued  by  everyone. 
He  suggested  training  for  both  the  minority  and  the  majority  so 
that  each  gains  a  better  understanding  of  the  other's  culture. 


Box  3-3;  Minority  Issues:  the  Culture  Gap 
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faculty,  researchers,  academic  officers,  administrators,  and  policy-makers.    The  proportion  of 

new  entrants  into  the  workforce  who  are  minority-group  members  and  women  has  risen  and  will 

continue  to  rise,  and  the  quality  and  extent  of  their  education  should  have  high  national  priority. 

Statistically,  the  position  of 


women  students  in  advanced 
science  and  engineering  is 
improving,  in  part  because  of 
special  efforts.  From  1982  to 
1992,  the  total  number  of  women 
in  graduate  schools  rose  by  about 
3%  a  year,  compared  with  a  rise 
of  1%  a  year  for  men.  In  1982, 
women  received  23.7%  of  science 
and    engineering    doctorates;    in 

1992,  they  received  28.5%  (see 
Appendix   B,    Table  B-22).      In 

1993,  women  constituted  33%  of 
all  full-time  faculty  (and  37%  of 
combined  full-time  and  part-time 
faculty)  but  only  6%  of  the  full- 
time  faculty  in  engineering,  20% 
in  the  natural  sciences,  and  27% 
in  the  social  sciences  (Table  6  in 
NCES,  1994). 

Women  have  been  most 
successful  at  entering  the  social 
and  life  sciences.  In  1992,  54% 
of  graduate  students  in  the  social 

sciences  and  44%  of  those  in  the  life  sciences  were  women  (see  Appendix  B,  Table  B-3).  Fewer 
women  enroll  in  the  physical  sciences  or  engineering.  In  1992,  15%  of  engineering  graduate 
students  and  27  %  of  those  in  the  natural  sciences  were  women,  but  their  percentage  gains  over 
the  preceding  decade  have  been  greatest  in  those  fields. 

Entry  into  science  and  engineering  graduate  schools  is  lowest  among  minority-group 
students.  The  percentage  of  science  and  engineering  doctorates  awarded  to  members  of 
underrepresented  minorities  increased  from  only  4.1%  in  1982  to  only  5.5%  in  1992  (see 
Appendix  B,  Table  B-24).  In  1992,  fewer  than  29,000  (9%)  of  science  and  engineering  graduate 
students  were  US  citizens  who  belonged  to  underrepresented  minorities  (black,  Hispanic,  and 
American  Indian)  (see  Appendix  B,  Table  B-4).  That  is  related  to  their  low  representation  on 
college  faculties;  8%  of  full-time  faculty  in  1993 — 6%  in  engineering,  7%  in  the  natural 
sciences,  and  more  than  9%  in  the  social  science  (Table  6  in  NCES,  1994).  By  comparison, 
in  1991,  22%  of  Americans  were  black,  Hispanic,  or  American  Indian.  Committee  witnesses 
indicated  that  a  "critical  mass"  of  students  is  particularly  important  for  minority-group  members, 
who  as  students  often  suffer  from  a  "one  and  only"  syndrome. 


Linda  Wilson,  president  of  Radcliffe  College,  was 
asked  by  the  committee  to  comment  on  issues  pertaining  to 
women  in  graduate  science  and  engineering  education.  Dr. 
Wilson  chairs  the  National  Research  Council's  Office  of 
Scientific  and  Engineering  Persoimel. 

Dr.  Wilson  said  that  the  unsatisfactory  position  of 
women  in  graduate  education  indicates  the  need  to  change  the 
system  for  both  men  and  women,  both  minority  and  majority. 
In  her  view,  the  key  elements  requiring  improvement  are 
access,  including  expectations  and  encouragement;  mentoring 
and  career  guidance;  recognition  and  respect;  and  accurate 
information  about  career  paths. 

She  recommends  changing  the  university  into  a  more 
supportive  culture,  moving  toward  a  "continuous  learning 
system,"  and  maximizing  our  "human  capital  investment"  by 
including  more  women  and  minority -group  members  throughout 
the  science  and  engineering  enterprise. 

Dr.  Wilson  said  that  key  assumptions  about  graduate 
school  are  seldom  tested,  such  as  the  notion  that  scientists  do 
their  best  work  when  young  and  that  independent  work  is  more 
important  than  collaborative  work.  She  suggested  that  more 
careful  scrutiny  of  such  assumptions  might  lead  to  constructive 
policy  changes. 


Box  3-4:  Improving  access  for  women  and  minority-group 
students 
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As  the  demographics  of  the  workplace  shift  rapidly,  it  is  clearly  in  the  national  interest 
to  encourage  and  facilitate  the  entry  of  women  and  minority-group  members,  with  white  men, 
into  science  and  engineering  fields. 


3.8       FOREIGN  GRADUATE  STUDENTS 


Overall  enroUmenl  of  scientists  and 
engineers  grew  by  just  over  2%  a  year  from  1982 
to  1992,  but  foreign  eiuoUraent  grew  by  more  than 
5%  a  year.  Foreign  participation  varies  widely  by 
field:  non-US  citizens  make  up  46%  of  all  full- 
time  graduate  students  in  engineering,  39%  of 
those  in  the  physical  and  mathematical  sciences, 
27%  of  those  in  the  life  sciences,  and  17%  of 
those  in  the  social  sciences. 

In  1992,  foreign  students  earned  more 
than  half  the  new  PhDs  in  engineering  (up  from 
39%  10  years  earlier),  more  than  one-third  of  the 
PhDs  in  physical  and  mathematical  sciences,  and 
one-fourth  of  those  in  the  life  sciences. 


The  number  of  foreign  science  and 
engineering  students  enrolled  in  US 
graduate  schools  and  the  number 
receiving  PhDs  have  both  risen  more 
rapidly  than  the  comparable 
numbers  of  US  citizens. 

The  number  of  science  and 
engineering  doctorates  earned  annually  by 
people  who  are  not  US  citizens  and  have 
temporary  visas  increased  sharply  from  3,400 
in  1983  to  almost  8,100  in  1993.  This  group 
received  18.5%  of  the  doctorates  in  1982  and 
32%  in  1992  (see  Appendix  B,  Table  B-25) 
and  accounted  for  most  of  the  net  increase  in 
the  number  of  doctorates  awarded  since  1986 
(see  Figure  1-2). 

One  reason  for  the  marked  increase  has  been  a  series  of  political  events  that  have 
encouraged  in  immigration.  The  Immigration  Reform  Act  of  1990  gave  visa  preference  to 
applicants  with  science  and  engineering  skills  (NSB,  1993).  The  arrival  of  many  of  those 
students  results  from  one-time  political  events,  but  American  universities  continue  to  attract 
students  for  whom  comparable  education  is  not  available  at  home.  The  issues  raised  by  the 
increase  in  the  number  of  foreign  students  in  American  graduate  schools  and  earning  US 
doctorates  are  discussed  in  Chapter  4  (Section  4.2).  As  discussed  in  Chapter  4,  the  decision  of 
an  increasing  number  of  those  students  to  seek  permanent  jobs  in  the  United  States  increases  the 
talent  available  to  our  country,  although  it  adds  to  the  employment-related  pressures  on  advanced 
scientists  and  engineers. 


Box    3-5; 
Students 


Distribution    of   Foreign   Graduate 


3.9       POSTDOCTORAL  EDUCATION 


The    postdoctoral    population    has   increased    faster   than   the   graduate-student 
population.    Some  of  the  increase  might  be  due  to  employment  difficulties. 
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According  to  the  latest  National  Science  Foundation  (NSF)  survey  of  science  and 
engineering  graduate  departments  (unpublished),  there  were  24,024  science  and  engineering 
postdoctoral  appointees^  in  doctorate-granting  institutions  in  the  fall  of  1992,  compared  with 
14,672  in  1982— a  63.7%  increase,  compared  with  a  26.7%  increase  in  the  number  of  graduate 
students.  Part  of  the  growth  can  be  assumed  to  reflect  the  legitimate  need  for  postdoctoral  study 
and  exploration  to  prepare  for  the  increased  complexity  of  modem  science;  in  biology, 
chemistry,  and  physics,  for  example,  postdoctoral  study  has  become  the  norm.  But  committee 
testimony  and  other  anecdotal  evidence  indicates  that  many  postdoctoral  appointees  are  extending 
their  studies  because  permanent  positions  in  academic  or  industrial  research  are  not  available. 

An  important  additional  factor  is  the  increasing  percentage  of  postdoctoral  appointees  who 
are  foreign  students— 53%  in  1992,  compared  with  42%  in  1985  (NSF,  unpublished).  More 
foreign  citizens  than  American  citizens  have  had  postdoctoral  appointments  in  US  universities 
since  1991  (Tables  C-29  and  C-30  in  NSF,  1993a). 

However,  surveys  do  not  determine  the  extent  to  which  young  scientists  and  engineers 
take  postdoctoral  positions  because  they  carmot  find  regular  employment.  One  measure  of  the 
impact  of  employment-market  problems  on  the  growth  of  the  postdoctoral  pool  would  be  an 
increase  in  the  length  of  postdoctoral  time  before  a  permanent  position  is  found  or  an  increase 
in  the  percentage  of  scientists  and  engineers  who  take  second  or  third  postdoctoral  positions. 
Another  indication  would  be  an  increasing  percentage  of  scientists  and  engineers  taking 
postdoctoral  appointments  at  the  institutions  where  they  received  their  doctorates;  this  would 
indicate  that  professors  are  retaining  their  former  students  as  RAs  when  they  cannot  find  regular 
jobs. 

The  Survey  of  Doctorate  Recipients  can  be  analyzed  to  address  the  question.  The 
comparative  analysis  of  cohorts  of  scientists  and  engineers  5-8  years  after  receipt  of  their  PhDs, 
done  for  this  report,  indicated  that  the  percentage  still  in  postdoctoral  positions  grew  from  2% 
in  1977  to  3%  in  1989;  the  increase  was  greater  and  smaller  in  specific  fields  (see  Appendix  C, 
Table  C-2).'  In  1979,  more  than  6(X)  (4.9%)  of  the  biologists  who  received  PhDs  in  1971-1974 
held  postdoctoral  appointments;  in  1989,  nearly  1,300  (9.2%)  of  those  with  PhDs  from  1981- 
1984  were  in  postdoctoral  positions.  The  percentage  of  each  cohort  in  the  faculty  tenure  system 
fell  from  40%  in  1979  to  25%  in  1989. 

The  above  changes  might  partially  explain  the  finding  that  the  percentage  of  young 
biologists  (aged  36  and  younger)  who  applied  to  the  National  Institutes  of  Health  for  individual- 
investigator  research  grants  fell  by  54%  from  1985  to  1993  (NRC,  1994a);  clearly,  fewer  of 
them  were  in  a  position  of  independent  investigator,  from  which  they  are  permitted  to  apply  for 
research  grants. 


'  Both  numbers  include  foreign  citizens,  but  the  postdoctoral  total  includes  doctorates  in  science  or 
engineering  from  foreign  universities.  Part  of  the  larger  increase  in  the  number  of  postdoctoral  fellows  over  the 
last  decade,  therefore,  might  be  ascribed  to  a  greater  propensity  of  foreign  scientists  and  engineers  to  immigrate 
at  the  postdoctoral  than  the  predoctoral  stage,  rather  than  to  an  increase  in  the  pool  of  postdoctoral  fellows  who 
cannot  find  a  job. 

'  The  1989  data  from  the  Survey  of  Doctorate  Recipients  are  used  l)ecause,  owing  to  a  change  in  the  timing 
of  the  survey,  the  1991  data  on  postdoctoral  appointments  are  not  comparable. 


202 


RESHAPING  THE  GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS 


Regardless  of  the  proportion  of  postdoctoral  appointees  who  are  in  a  vocational  "holding 
pattern,"  their  numbers  are  rising,  and  each  year  they  vie  with  the  new  class  of  graduating  PhDs 
for  available  positions.  The  postdoctoral  appointees  have  an  advantage  in  being  able  to  offer 
more  research  experience  and  publications  in  competing  for  available  research  positions.  That 
competition,  in  turn,  increases  the  trends  among  new  PhDs  toward  postdoctoral  study  and 
nontraditional  jobs. 
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Discussion  of  Major  Related  Issues 


Three  of  the  issues  raised  in  Chapters  2  and  3  (whether  the  United  States  is  producing 
too  many  science  and  engineering  doctorates,  the  effect  of  enrollment  of  foreigners,  and  the  long 
time  from  starting  graduate  study  to  first  job)  are  closely  related  to  the  design  of  graduate- 
education  programs  for  scientists  and  engineers.  Those  contemporary  issues  have  been  discussed 
extensively  by  the  committee  and  by  the  witnesses  and  correspondents  who  have  contributed  to 
the  content  of  this  report.  Each  of  these  related  topics  deserves  extended  study  and  debate  in 
its  own  right.  We  present  the  issues  and  their  possible  implications  for  graduate-education 
programs  in  this  chapter. 


4.1       THE  "RIGHT"  NUMBER  OF  SCIENCE  AND  ENGINEERING  PHDS 


Having  read  accounts  of  scarcity  in  academic  research  positions,  some  readers  might 
expect  this  report  to  conclude  that  we  are  producing  too  many  PhDs  and  should  take  immediate 
steps  to  cut  back  PhD  programs  in  science  and  engineering.  We  are  aware  of  the  reports  of 
unemployment  and  underemployment  among  new  doctorate  recipients,  and  survey  data  indicate 
that  recent  PhDs  are  finding  it  harder  to  make  the  transition  from  graduate  school  and 
postdoctoral  study  to  career  positions  (see  Chapter  2).  The  current  situation  probably  results  in 
part  from  the  increase  in  annual  PhD  production  to  25,000  in  1993  from  the  18,000-19,000  per 
year  in  1976-1986.  In  response,  some  graduate  programs  have  begun  to  accept  fewer  new 
students.  But  forecasting  demand  for  science  and  engineering  PhDs  is  difficult,  and,  because 
it  takes  a  long  time  for  changes  in  graduate  enrollment  to  manifest  themselves  in  PhDs,  past 
efforts  either  to  increase  production  in  response  to  perceived  shortages  (in  the  1960s  and  1980s) 
or  to  reduce  production  (in  the  1970s)  ended  up  not  having  beneficial  effects,  in  that  graduate 
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Students  and  programs  had  already  made  substantial  adjustments.  Because  of  the  lag  times 
between  policy  action  and  changes  in  the  system  and  for  reasons  enumerated  below,  we  do  not 
think  it  possible  to  determine  appropriate  production  targets.  A  better  way  to  keep  supply  and 
demand  in  balance  appears  in  the  next  chapter. 


The  Current  Unemployment  Situation 


The  committee  is  not  convinced  that  the  current  low  and  stable  unemployment  rates 
among  science  and  engineering  PhDs,  even  new  ones,  that  are  documented  in  Chapter  2  prove 
that  the  system  is  working  as  well  as  it  should.  It  is  true  that  science  and  engineering  PhDs  have 
prospered  in  an  increasingly  diverse  labor  market.  But  as  we  illustrated  in  Chapter  2,  there  are 
indications  of  employment  difficulties,  especially  for  recent  graduates.  For  example,  the 
percentage  of  scientists  and  engineers  looking  for  jobs  in  the  first  months  after  PhD  receipt  has 
risen  dramatically  in  some  fields,  and  there  is  evidence  that  an  increasing  percentage  of  those 
counted  as  "employed  PhDs"  have  taken  temporary  positions  in  either  postdoctoral  fellowships 
or  short-term  jobs.  The  unemployment  rate  as  of  1993  (the  last  year  for  which  there  were 
national  data)  was  still  low  at  1.6%  but  was  increased  from  the  roughly  1.0%  of  the  1980s  and 
1.4%  in  1991  (Figure  2-3).  Unemployment  among  new  science  and  engineering  PhDs  reached 
2%  in  1993,  compared  with  the  roughly  1.5%  of  the  1980s. 

Nor  do  the  available  employment  data  take  into  account  the  nature  of  jobs  held  by  recent 
PhD  recipients.  Statistically,  a  PhD  physicist  working  in  a  job  outside  science  and  engineering 
is  counted  equally  with  a  physicist  on  the  staff  of  AT&T  Bell  Laboratories  or  a  tenure-track 
assistant  professor  at  a  research  university.  Moreover,  some  PhDs  who  are  finding  good  jobs 
in  nontraditional  fields  might  be  doing  so  regardless  of  their  PhD  training,  not  because  of  it. 
The  predominant  view  of  the  employers  that  we  heard  from  during  the  course  of  our  smdy  was 
that  PhD  work,  including  original  research,  made  students  more  effective  employees.  However, 
these  graduates  might  be  attractive  to  some  employers  simply  because  they  are  members  of  a 
highly  qualified,  hard-working,  and  carefully  selected  group  of  people.  The  time  spent  in  or  the 
content  of  a  PhD  program  might  not  be  well  matched  to  some  science  and  engineering  graduates' 
jobs. 

The  committee  cannot  measure  employment  difficulties  precisely,  but  the  evidence 
received  from  witnesses  and  other  contributors  is  persuasive  that  problems  exist  in  at  least  some 
sectors.  Some  recent  PhDs  have  indicated  that  they  regretted  having  spent  time  and  money  on 
doctoral  work  that  turned  out  not  to  be  useful  in  their  permanent  jobs.  Some  even  reported 
"hiding"  their  doctorates  so  as  not  to  appear  overqualified,  unbusinesslike,  or  too  theoretical  in 
their  approach  to  work. 

We  believe  that  the  slow  but  steady  shift'  in  demand  for  doctoral  scientists  and  engineers 
over  the  last  2  decades  away  from  academe  and  toward  a  greater  variety  of  employment  has 


'  This  shift  seems  dramatic  to  many  observers,  but  employment  data  portray  slow  change  over  the  last  20  years. 
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accelerated  somewhat  in  the  early  1990s  at  the  same  time  that  the  number  of  new  graduates 
(many  of  them  foreign  students)  has  increased  rapidly.  For  a  variety  of  reasons,  the  number  of 
academic  positions  and  traditional  industrial  research  positions  is  steady  or  shrinking,  in  accord 
with  anecdotal  reports  that  an  unusually  high  number  of  new  PhDs  had  to  change  career  plans 
on  graduating  or  after  several  years  in  postdoctoral  positions. 

To  some  extent,  the  science  and  engineering  employment  situation  is  cyclical,  and  it 
might  already  be  adjusting.  The  recent  recession  ended  slowly,  but  economic  growth  has 
resumed,  and  the  demand  for  skilled  people  is  increasing  even  in  some  industries  that  have 
undergone  substantial  reduction  and  restructuring.  In  addition,  the  high  rate  of  increase  in  the 
number  of  PhDs  awarded  to  foreign  citizens  in  the  United  States,  which  averaged  more  than 
12%  per  year  in  the  late  1980s,  began  to  fall  after  1990  and  was  0.3%  in  1993  (calculated  from 
Table  3  in  NSF,  19940-  The  number  of  doctorates  awarded  to  foreign  citizens  with  temporary 
visas  fell  slightly  in  physics/astronomy,  chemistry,  environmental  sciences,  and  computer 
sciences  from  1992  to  1993  (NRC,  1995:  Appendix  Table  A-2). 

However,  we  have  already  cited  some  indications  of  basic  structural  changes  that  lower 
demand,  including  cuts  in  defense  spending,  industrial  restructuring,  and  reductions  in  growth 
of  federal  R&D  spending.  There  is  no  evidence  that  these  trends  of  the  last  several  years  will 
end  soon.  Thus,  even  if  PhD  production  does  fall  in  the  near  term,  science  and  engineering 
graduate  students  might  do  well  to  prepare  themselves  for  an  increasingly  diverse  set  of  career 
paths. 


Limitations  of  Supply-Demand  Models  for  Forecasting 
Science  and  Engineering  Personnel  Needs 


Supply-demand  models  are  not  now  adequate  for  predicting  whether  there  will  be  an 
undersupply  or  oversupply  of  trained  scientists  and  engineers  (Fechter,  1990;  Leslie  and  Oaxaca, 
1990;  NSB,  1993;  Vetter,  1993).  That  conclusion  was  also  expressed  by  the  panel  on  estimation 
procedures  of  the  Committee  on  National  Needs  for  Biomedical  and  Behavioral  Research 
Personnel,  which  found  that  previous  supply-demand  models  for  basic  biomedical,  behavioral, 
and  clinical  research  scientists  had  not  proved  accurate  (NRC,  1994b). 

At  least  two  types  of  limitations  of  such  models  severely  reduce  their  reliability, 
especially  over  the  5-  to  10-year  periods  needed  to  carry  out  graduate-education  plans. 
Internally,  they  are  not  based  on  an  adequate  understanding  of  the  behavior  of  the  students, 
faculty,  and  other  people  whose  collective  decisions  affect  the  supply  of  new  scientists  and 
engineers;  externally,  they  cannot  always  predict  the  impact  of  major  changes  in  key  variables 
outside  the  graduate  system  itself  that  affect  demand  for  scientists  and  engineers. 

For  example,  predictions  of  a  huge  oversupply  of  scientists  and  engineers  in  the  early 
1970s  did  not  come  true,  because  as  a  result  of  the  predictions  the  students  changed  plans, 
administrators  reduced  programs,  and  graduates  found  new  ways  to  use  their  training— all 
behavioral  changes  that  were  not  included  in  the  models.    More  recent  studies  have  forecast 
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shortages  of  college  and  university  faculty,  beginning  in  the  middle  1990s.  These  shortages  have 
not  occurred.  The  forecasters  could  not  anticipate  the  behavioral  effects  of  recession  and  tight 
government  budgets:  fewer  faculty  have  elected  to  retire,  and  universities  and  colleges  have 
begun  to  fill  faculty  openings  temporarily  or  leave  them  unfilled. 

As  an  example  of  unanticipated  external  events  affecting  science  and  engineering 
employment,  the  buildup  of  physical  scientists  and  engineers  in  the  late  1980s  stimulated  by 
increased  defense  spending  earlier  in  the  decade  was  followed  by  the  end  of  the  Cold  War, 
which  reduced  demand  for  scientists  and  engineers;  similarly,  no  one  could  predict  the 
immigration  of  experienced  scientists  and  engineers  from  the  former  Soviet  Union  and  eastern 
Europe.  The  intensified  pressures  of  international  economic  competition  have  also  had 
unexpected  effects,  which  have  led  some  large  high-technology  companies  to  reduce  their 
research  staffs  and  redirect  those  who  remain  toward  more-applied  research  with  near-term 
payoffs. 


Conclusion 


With  current  techniques,  it  is  not  possible  to  forecast  the  future  demand  for  or  supply  of 
scientists  and  engineers.  We  can  tell  with  some  confidence  whether  there  are  immediate 
mismatches  between  supply  and  demand;  but  in  the  absence  of  reliable  long-range  models,  we 
do  not  know  whether  a  situation  is  temporary  and  self-correcting  or  whether  stronger  action  is 
required.  In  other  words,  there  is  little  basis  for  trying  to  control  the  production  of  new  science 
and  engineering  PhDs  by  limiting  enrollments  nationally  through  some  central  control 
mechanism. 

There  are  ways  to  improve  the  likelihood  of  a  balance  between  supply  and  demand  that 
do  not  involve  central  planning  and  all  the  information  requirements  on  which  such  planning 
depends.  We  believe  that  a  combination  of  greater  breadth  nnd  flexibility  in  graduate 
curriculums,  better  information  and  guidance,  and  financial  support  mechanisms  whose  primary 
purpose  is  education  will  provide  scientists  and  engineers  who  can  move  more  flexibly  toward 
employment  demand.    Our  recommendations  are  presented  in  greater  detail  in  Chapter  5. 

Meanwhile,  efforts  should  continue  to  improve  the  collection  and  analysis  of  employment- 
related  information  by  the  National  Science  Foundation  (NSF),  other  agencies,  and  the  scientific 
societies  and  associations.  Understanding  the  dynamics  of  and  trends  in  career  paths  of  scientists 
and  engineers  with  advanced  degrees  in  the  various  employment  sectors  is  especially  important. 
The  results  should  be  disseminated  to  prospective  graduate  students,  to  graduate  students,  to 
postdoctoral  fellows,  and  to  the  faculty  who  advise  them.  Better  supply-demand  modeling  of 
PhD  labor  markets  is  also  important.    We  offer  specific  recommendations  in  Chapter  5. 
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4.2       THE  ISSUE  OF  FOREIGN  STUDENTS 


As  noted  in  Chapter  3,  foreign-citizen  students  accounted  for  most  of  the  increase  in  the 
numbers  of  science  and  engineering  graduate  students  and  numbers  of  PhDs  since  about  1986. 
In  1992,  for  example,  foreign  citizens  were  nearly  one-third  of  graduate  students  in  science  and 
engineering,  up  from  less  than  one-fourth  in  1982.  By  1993,  57%  of  the  PhDs  in  engineering 
and  more  than  one-third  in  physics,  computer  science,  and  mathematics  were  awarded  to  foreign- 
bom  scientists  and  engineers  (Table  3  in  NSF,  19940-  All  together,  the  increase  in  foreign 
graduate  smdents  with  temporary  visas  accounted  for  65.5%  of  the  net  increase  in  annual  science 
and  engineering  PhD  awards  1986  to  1993,  and  an  increase  in  the  number  of  foreign-citizen 
PhDs  with  permanent  visas  contributed  almost  another  11%  to  the  increase.  Foreign  citizens 
achieved  a  majority  of  science  and  engineering  postdoctoral  appointments  in  the  United  States 
in  1991. 


Support  of  Foreign  Graduate  Students 


Immigration  laws  have  been  changed  to  place  some  restrictions  on  foreign  citizens  with 
temporary  student  visas  who  are  enrolled  in  US  graduate  science  and  engineering  programs. 
They  are  required  to  be  full-time  students,  and  they  and  their  dependents  are  prohibited  from 
taking  jobs.  They  are  prohibited  from  taking  most  fellowships  and  traineeships  or  applying  for 
federally  guaranteed  loans  and  other  forms  of  direct  federal  assistance.  They  can  be  employed 
as  research  assistants  on  federally  funded  research  projects.  Many  foreigners  receive  support 
for  the  first  year  of  their  graduate  study  from  their  home  countries,  but  the  universities  usually 
support  them  after  that,  generally  with  research  assistantships  and  teaching  assistantships  (much 
of  the  support  comes  from  federal  research  grants)  (CRS,  1992). 

As  a  result,  universities  provide  a  greater  degree  of  fmancial  support  to  foreign  smdents 
than  to  US  citizens.  In  1992,  for  example,  universities  provided  support  to  87%  of  the  graduate 
students  in  the  physical  sciences  with  temporary  visas,  84%  of  those  with  permanent  visas,  and 
72%  of  those  who  were  US  citizens.  In  engineering,  university  support  went  to  76%,  73%,  and 
61%,  respectively.    The  pattern  was  similar  in  the  life  and  social  sciences. 


Where  Do  Foreign-Citizen  PhDs  Go? 


It  has  been  generally  possible  under  the  immigration  laws  for  new  PhDs  of  foreign 
citizenship  to  find  entry-level  positions  in  the  US  labor  force  (NSF,  1990b).  Historically,  about 
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half  the  foreign  citizens  with  American  doctorates  in  science  and  engineering  have  left  the 
United  States  after  getting  their  PhDs  or  later  postdoctoral  appointments  (CRS,  1992).^ 


What  Are  the  Effects? 


Opinions  about  the  effects  of  an  increasing  number  and  percentage  of  foreigners  in 
American  graduate  science  and  engineering  programs  have  been  mixed  (see  CRS,  1992,  for 
review  and  citations).  Some  people  say  that  the  United  States  benefits  from  high  graduate 
enrollments  of  foreign  students  because  they  help  with  research  and  teaching,  counter  the 
declining  interest  of  American  students  in  science  and  engineering,  and  fill  the  employment 
needs  of  industrial  laboratories.  They  argue  that  in  a  global  economy,  US  universities  and 
industries  should  be  able  to  recruit  the  best  talent  available.^  Some  value  the  contribution  of 
foreign  students  to  a  multicultural  educational  environment.  Others  point  out  that  US  companies 
later  hire  foreign  students  to  help  open  new  markets  in  their  country  of  origin. 

Other  people  have  begun  to  argue  that  the  numbers  of  foreign  students  should  be  limited, 
on  several  grounds.  They  charge  that  increasing  numbers  of  foreigners  with  US  PhDs  who 
remain  in  this  country  (many  of  whom  become  US  citizens)  are  competing  with  American 
graduates  for  jobs;  that  might  explain  some  part  of  the  employment  problems  that  recent  PhDs 
have  complained  of  in  the  last  several  years.  Meanwhile,  some  return  home  and  work  for  our 
economic  competitors.  Critics  of  increased  graduate  enrollment  of  foreigners  also  have  charged 
that  cultural  and  language  differences  make  many  of  them  ineffective  in  the  classroom  and  limit 
their  ability  to  succeed  in  the  labor  market,  that  their  graduate  training  has  been  unfairly 
subsidized  by  American  taxpayers,  that  they  depress  salaries  and  thus  interfere  with  an  important 
market  signal  that  would  attract  more  American  students,  and  that  their  presence  discourages 
defense-related  research  in  industry  and  on  campus  (CRS,  1992).  A  bill  was  introduced  in  1992 


'  In  addition,  an  unknown  number  of  foreign  citizens  come  to  work  in  the  United  States  after  receiving  their 
PhDs  from  foreign  institutions.  They  are  a  subset  of  the  immigrant  scientists  and  engineers  of  all  degree  levels 
reponed  by  the  US  Department  of  State  to  NSF.  In  1992,  that  number  jumped  to  nearly  23,000,  compared  with 
11,000-12,000  a  year  during  the  1980s  (NSB,  1993:82).  More  than  half  were  from  East  Asia,  and  two-thirds  to 
three-fourths  have  been  engineers.  The  increase  probably  resulted  from  the  Immigration  Act  of  1990,  which  was 
passed  in  response  to  predictions  by  NSF  and  others  in  the  late  1980s  that  a  shortage  of  scientists  and  engineers  was 
impending. 

'  It  is  interesting  to  note,  for  example,  that  approximately  20%  of  the  individuals  elected  to  National  Academy 
of  Sciences  membership  each  year  since  World  War  II  have  been  foreign-bom  US  citizens. 
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in  the  second  session  of  the  102nd  Congress  requiring  universities  to  give  preference  to  US 
students  in  filling  federally  sponsored  research  positions.^ 


Conclusion 


The  sharp  jump  in  number  of  foreign-citizen  graduate  students  in  recent  years,  as 
described  in  Chapter  3,  has  probably  been  caused  in  part  by  a  set  of  political  events  that  are 
unlikely  to  recur,  as  well  as  changes  in  US  immigration  laws.  And  many  foreign  students  are 
in  the  United  States  because  their  home  nations  lack  adequate  educational  infrastructures.  As 
the  wealth  of  developing  nations  grows,  so  will  these  infrastructures,  providing  more  attractive 
employment  opportunities  at  home.  Already,  the  aggregate  of  undergraduate  science  and 
engineering  enrollments  in  six  economically  important  Asian  nations  exceeds  undergraduate 
science  and  engineering  enrollment  in  the  United  States  (NSF,  1993c). 

The  number  of  American  students  entering  science  and  engineering  graduate  schools  is 
not  rising.  There  is  no  evidence  that  this  situation  would  be  changed  by  limiting  foreigners. 
In  fact,  artificial  limits  could  have  the  detrimental  effect  of  disrupting  the  supply  of  scientists 
and  engineers  in  key  fields. 

To  the  extent  that  there  is  a  limit  on  the  number  of  departmental  "slots"  for  graduate 
students,  we  are  inclined  to  believe  that  the  real  issue  is  the  lack  of  US  students,  rather  than  the 
increasing  presence  of  foreign  students  in  our  graduate  science  and  engineering  programs,  but 
it  is  difficult  to  assess  the  claim  that  the  easy  access  to  foreign  students  has  prevented  an 
adequate  response  of  the  system  to  declining  US  student  interest.  If  graduate  programs  are  filled 
with  foreigners,  the  programs  do  not  have  to  make  adjustments  in  enrollments  or  in  content  to 
make  them  more  relevant  to  US  students.  Nor  do  businesses  have  to  increase  salaries  to 
increase  their  supply  of  American  students. 

The  committee  suggests  that  the  most  appropriate  response  to  flat  or  declining  graduate 
enrollments  of  American  smdents  is  to  implement  the  measures  advocated  in  this  report,  which 
should  improve  the  functioning  of  the  PhD  labor  market,  and  to  continue  efforts  to  strengthen 
the  teaching  of  precollege  and  undergraduate  science.  Those  measures,  we  believe,  would  make 
graduate  education  in  science  and  engineering  more  attractive,  more  effective,  and  accessible  to 
a  larger  group  of  qualified  American  applicants. 


*  The  American  Math  and  Science  Student  Support  Bill,  HR  4595,  was  introduced  on  March  26,  1992.  It  did 
not  pass,  but  neither  did  a  bill  (S  44)  to  allow  any  foreign  citizens  earning  degrees  in  the  natural  sciences, 
engineering,  or  computer  science  from  US  institutions  to  obtain  permanent  resident  visas. 
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4.3       TIME  TO  EMPLOYMENT 


For  a  variety  of  reasons  that  are  not  well  understood,  it  has  been  taking  longer  for  PhDs 
in  science  and  engineering  to  begin  their  careers  with  "potentially  permanent"  jobs — i.e.,  post- 
PhD  jobs  that  are  not  postdoctoral  fellowships  and  are  not  temporary.  According  to  an  NSF 
analysis  of  the  Survey  of  Doctorate  Recipients,  the  median  age  of  PhD  recipients  entering  their 
first  permanent  positions  increased  in  all  fields  from  1971  to  1991— by  more  than  a  year  for 
PhDs  in  engineering  (from  age  30  to  31),  by  2  years  in  the  physical  and  mathematical  sciences 
(from  30  to  32),  by  3  years  in  the  life  sciences  (from  30  to  33),  and  by  nearly  4  years  in  the 
social  and  behavioral  sciences  (from  30  to  34). 

The  committee  is  concerned  about  the  longer  time  to  first  permanent  job.  The  prospect 
of  many  years  of  graduate  study  might  discourage  qualified  candidates  from  attempting  a  PhD. 
Also,  extending  the  years  of  schooling  burdens  PhDs  who  enter  nonacademic  employment  with 
a  disadvantage  compared  with  their  contemporaries,  who  are  years  ahead  in  workplace 
experience  and  seniority.  Finally,  long  times  to  degree  (TTDs)  and  more  postdoctoral  study 
increase  the  time  required  for  the  supply  of  PhDs  to  respond  to  shifts  in  market  demand;  this 
has  both  social  and  individual  costs. 

There  are  many  possible  reasons  for  the  lengthening  of  time  to  first  regular  position, 
some  of  them  positive  (e.g.,  time  spent  working  between  college  and  graduate  school,  which 
adds  experience  and  maturity),  some  negative  (e.g.,  discouragement  of  graduation  by  faculty 
who  need  research  assistants  or  teaching  assistants  and  an  oversupply  of  PhDs  relative  to  demand 
for  academic  positions),  and  some  unavoidable  (more  time  devoted  to  child-care  responsibilities 
and  a  greater  amount  of  material  to  learn  in  graduate  school  and  in  postdoctoral  appointments). 
Increasing  TTDs  of  all  types  (registered,  elapsed,  and  total  time)  have  been  defined  and 
documented  in  Chapter  3,  and  entering  graduate  students  on  the  average  are  probably  older  to 
begin  with.  The  median  age  of  new  PhDs  has  increased  in  all  fields  since  1971 — by  I  year  in 
physics  and  astronomy,  by  1.5  years  in  engineering  and  chemistry,  by  2  years  in  biology,  by 
2.5  years  in  mathematics,  and  by  more  than  3  years  in  the  social  sciences  (Table  4  in  NSF, 
1993b).  A  growing  proportion  of  graduate  students  come  from  groups  that  take  longer  to 
finish — women,  underrepresented  minorities,  and  foreign  citizens  (Strieker,  1994:570). 

The  committee  discussed  the  issue  of  longer  time  to  first  permanent  position,  the  possible 
causes,  and  the  significance.  We  are  concerned  about  the  costs  of  increased  time  to  first 
permanent  position  and  the  role  of  increased  TTD  in  it,  but  we  hesitate  to  recommend  a 
particular  time  limit  for  completion  of  the  PhD  or  a  particular  length  of  postdoctoral  study, 
partly  in  recognition  of  the  great  diversity  of  graduate  students,  disciplinary  requirements,  and 
educational  institutions  missions.  Instead,  we  believe  that  clearly  understood  quantitative 
guidelines  for  PhD  completion  times  should  be  set  by  individual  institutions  after  discussions 
among  students,  faculty,  and  professional  societies.' 


'  Institutional  policies  should  include  criteria  for  exceptions  to  standards.  For  example,  students  who  work  or 
have  children  should  be  allowed  to  negotiate  reasonable  schedules  without  prejudice  to  their  standing. 
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The  committee  notes  that  many  institutions  already  have  guidelines  intended  to  limit  time 
to  degree.  At  the  Georgia  Institute  of  Technology,  for  example,  chemical  engineers  are  expected 
to  complete  a  PhD  in  4  years,  and  flexibility  is  granted  as  appropriate.  Other  institutions  allow 
students  to  receive  teaching  assistantships  for  only  4  years;  still  others  limit  the  time  that  a 
student  can  work  on  a  single  research  project. 

Whatever  the  institutional  guidelines  are,  they  must  be  implemented,  monitored,  and 
enforced  to  ensure  that  graduate  students  are  never  used  to  provide  inexpensive  labor  on  research 
projects  or  in  teaching.  As  the  report  of  the  Association  of  American  Universities/ Association 
of  Graduate  Schools  puts  it,  "policy  changes  alone  are  insufficient;  the  commitment  to  implement 
them  is  crucial"  (AAU,  1990).  Each  institution  should  adopt  standards  appropriate  to  its  mission 
and  student  body  and  should  charge  graduate  schools  and  their  deans  with  oversight.  That  could 
be  done  at  the  departmental  or  program  level.  Departmental  rules  should  be  developed  with  the 
active  participation  of  the  faculty  who  carry  out  graduate  education,  and  they  must  be  clearly 
communicated  to  students,  faculty  advisers,  and  dissertation  committees. 


4.4       INFORMATION  AND  ANALYSIS  NEEDS 


It  is  characteristic  of  the  issues  described  in  this  chapter,  particularly  time  to  employment 
or  first  permanent  job,  that  more  information  on  and  better  understanding  of  them  is  needed, 
despite  the  problems  and  sensitivities  involved  in  addressing  the  issues  of  employment,  foreign 
students,  and  institutional  policies  concerning  time  to  degree.  Accordingly,  appropriate 
recommendations  aimed  at  NSF,  which  has  the  lead  responsibility  for  gathering  and  analyzing 
information  about  the  science  and  engineering  enterprise,  are  included  in  the  next  chapter. 
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Conclusions  and  Recommendations 


America's  system  of  graduate  education  in  science  and  engineering  has  set  the 
international  standard,  especially  in  preparing  students  to  work  successfully  at  the  cutting  edge 
of  research,  and  it  must  continue  to  do  so.  Graduate  schools  have  also,  increasingly  in  recent 
years,  contributed  to  filling  the  nation's  growing  need  for  advanced  expertise  in  diverse 
nonresearch  positions. 

Nevertheless,  the  committee  believes  that  there  is  room  for  substantial  improvement  in 
graduate  education  and  that  some  immediate  changes  are  needed  in  programs,  information,  and 
attitudes.  These  changes  are  recommended,  in  part,  in  response  to  contemporary  stresses.  In 
many  important  fields,  employment  in  basic-research  positions  has  not  kept  pace  with  expanding 
graduate  enrollments,  and  this  has  led  to  unmet  expectations  among  many  graduates  who  have 
aspired  to  such  positions.  The  available  evidence  on  unemployment  rates  indicates  that  demand 
by  less-traditional  employers  is  growing  fast  enough  to  absorb  most  graduates.  However,  we 
note  broad  criticism  from  many  such  employers  concerning  graduates'  inmiediate  suitability  for 
entry  jobs — criticism  that  is  often  based  on  a  belief  that  students  are  too  specialized,  in  view  of 
the  variety  of  tasks  that  they  will  confront,  and  that  it  is  hard  for  them  to  adapt  to  the  demands 
of  nonacademic  work.  With  only  one-third  of  new  PhDs  expected  to  enter  the  academic  tenure 
system,  the  needs  of  these  alternate  employees  should  be  given  more  attention. 

There  is  also  a  broader  concern:  Although  it  is  clear  that  human  resources  are  the 
primary  key  to  the  nation's  strength  in  science  and  technology,  we  have  not,  as  a  nation,  paid 
adequate  attention  to  the  graduate  schools  as  a  system  for  meeting  the  full  range  of  needs  for 
advanced  talent  in  science  and  engineering.  That  is  perhaps  seen  most  clearly  in  the  fact  that 
the  United  States  has  effectively  lacked  human-resources  policy  for  advanced  scientists  and 
engineers.  In  effect,  human  resources  have  been  taken  for  granted  as  a  byproduct  of  our  policies 
for  the  support  of  research.  The  simplifying  assumption — both  inside  and  outside  the  university 
community — has  been  that  the  dominant  function  of  graduate  programs  is  to  produce  the  next 
generation  of  academic  researchers.  It  is  time  for  a  fuller  recognition,  by  academics  and  policy 
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officials  alike,  of  the  changing  way  that  graduate  education  in  science  and  engineering 
contributes  to  the  wide  array  of  national  needs.  For  many  of  these  needs,  it  is  a  career  in 
professional  service,  applied  research,  development,  or  consulting  that  graduates  will  find  open 
to  them. 

The  committee  concludes  that  improvement  of  three  kinds  is  needed.  First,  graduate 
programs  should  add  emphasis  on  versatility;  we  need  to  make  our  smdents  more  adaptable  to 
changing  conditions.  This  is  mainly  a  matter  of  local  initiative  by  the  universities  themselves, 
but  there  is  a  supporting  role  for  government,  too.  Second,  much  better  information  should  be 
routinely  provided  to  students  and  their  advisers  so  that  smdents  can  make  more  realistic  career 
decisions  than  is  now  practical.  Third,  there  needs  to  be  a  deliberate  national  reconsideration 
of  graduate  education  so  that  the  open  policy  questions,  the  current  information  gaps,  and  the 
contemporary  stresses  are  systematically  addressed  by  a  suitable  blend  of  university,  industry, 
professional  society,  and  government.  Those  improvements  can  be  made  without  disruption  of 
the  traditional  commitment  to  excellence  in  basic  research  that  has  been,  and  must  continue  to 
be,  a  hallmark  of  the  US  system  of  graduate  education. 

Although  the  universities  are  primarily  responsible  for  implementing  those  changes, 
national  and  state  government,  industry,  business,  and  others  can  help  by  providing  opportunities 
to  gain  experience  and  exposure  to  a  variety  of  occupations  via  internships,  alternative 
certification  programs,  etc.  We  do  not  minimize  the  difficulty  of  effecting  reform  in  a  system 
as  complex  and  diffuse  as  that  of  US  universities.  But  we  already  have  many  relevant  examples 
of  the  application  of  local  imagination  and  initiative.  We  believe  that  most  university  leaders 
will  find  it  in  their  own  interest  to  reshape  graduate  education  to  meet  students'  career  needs 
better  and  to  ensure  universities'  vital  role  in  the  nation's  steady  progress  toward  a  knowledge- 
based  society. 


5.1        NATIONAL  OPTIONS 


The  committee  arrived  at  its  preferred  national  strategy— emphasizing  versatility  and 
information— after  considering  alternative  approaches. 

For  example,  it  might  seem  tempting  to  remove  any  apparent  imbalance  between  supply 
and  demand  by  adjusting  smdent  enrollment,  the  reasons  not  to  move  toward  anything  like 
national  enrollment  quotas  have  been  presented  above  (see  Section  4.1).  We  found  these 
arguments  as  persuasive  when  applied  to  discipline  or  fields  as  would  be  implied  in  suggestions 
to  cut  physics  enrollments  by  X%  or  to  increase  the  numbers  of  master's  degrees  in 
microbiology  by  Y%.  Identifying  the  "right"  number  of  graduates  is  chancy,  to  say  nothing  of 
administering  nationwide  compliance. 

Another  version  of  this  suggestion  is  that  we  should  set  out  to  adjust  the  mix  of  master's 
degrees  and  PhD  degrees  that  are  awarded.  Some  question,  for  example,  whether  PhD-holders 
are  not  overeducated  for  the  positions  they  fill— especially  for  nonresearch  jobs— and  whether 
a  master's  degree  would  suffice.    But  can  one  actually  conclude  that  the  PhD  experience  is 
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unnecessary  for  such  positions?  From  the  information  gathered  by  the  committee  (see  Section 
2.7  and  Appendix  F),  the  opposite  seems  to  be  true.  Employers  themselves  appear  to  be  seeking 
the  intellectual  standards,  resourcefulness,  and  initiative  that  come  with  the  successful  completion 
of  original  research  in  a  PhD  program.  The  complexity  and  sophistication  of  more  and  more 
positions  appear  to  require  the  qualities  gained  in  the  advanced  coursework  and  original-problem 
formation  of  graduate  programs. 

Another  possibility  is  the  creation  of  a  new  form  of  degree— a  "different  doctorate," 
perhaps,  or  a  degree  that  is  intermediate  between  a  master's  and  a  doctorate.  In  theory,  a  new 
degree  could  be  better  tuned  to  the  class  of  nontraditional  jobs  that  PhDs  are  increasingly  filling- 
— for  example,,  it  might  require  less-intensive  or  different  types  of  research  and  dissertation 
experience  and  as  a  consequence  take  less  time  to  complete. 

In  practice,  however,  we  are  convinced  that  this  approach  would  not  work  well.  The 
proposal  is  reminiscent  of  the  doctor  of  science  (DSc)  degree  that  some  institutions  have  offered 
with  the  hope  that  it  would  catch  on  as  the  preferred  degree  for  doctoral  students  who  seek 
nontraditional  careers.  A  key  point  is  that  employers  report  that  they  value  the  research 
experience  required  for  the  PhD  degree.  Without  ready  demand  for  a  newly  introduced  degree, 
students  risk  investing  substantial  effort  only  to  find  that  they  receive  a  diploma  regarded  as 
inferior— one  that  critics  might  think  of  as  "PhD-lite."  It  is  more  realistic,  we  conclude,  to 
adapt  the  PhD  degree  than  to  try  to  invent  and  introduce  a  hybrid  degree. 

In  opting  for  a  strategy  of  making  graduates  much  more  versatile  and  informed,  we 
believe  we  have  a  solution  that  allows  the  system  to  self-adjust  continuously  in  a  way  that  does 
not  depend  on  the  accuracy  of  an  assessment  of  the  number  of  graduates  needed  in  the  national 
aggregate  or  in  particular  fields.  Thus,  for  example,  if  better- informed  students  conclude  that 
the  PhD  is  inappropriate  or  unnecessary  for  the  jobs  they  want,  enrollments  will  decline 
accordingly. 


5.2       TOWARD  GREATER  VERSATILITY 


Once  enrolled,  a  graduate  student  might  find  many  reasons  to  select  a  relatively  narrow 
subject  for  intensive  study.  A  student  might  be  fascinated  by  a  particular  field  of  knowledge  and 
see  specialization  as  the  surest  route  to  a  research  position.  If  the  selected  field  aligns  with  the 
research  interests  of  a  professor,  the  student  might  have  an  exciting  and  educationally  enriching 
chance  to  work  as  an  assistant  on  a  path-breaking  research  team;  this  can  enrich  the  smdent's 
educational  experience  immeasurably  and  can  provide  fresh  ideas  and  energy  to  the  research 
team  as  well. 

The  disadvantages  of  overspecialization  in  graduate  school,  although  not  inunediately 
apparent,  are  real  for  both  the  student  and  the  nation,  whether  or  not  the  student  becomes  a 
researcher.  Excessive  concentration  in  a  particular  subfield  can  limit  a  person's  later  research 
contributions  and  affect  later  career  choices.  It  is  difficult  to  gauge  whether  a  specialty  chosen 
early  in  graduate  school  will  be  desirable  in  the  job  market  or  still  be  in  the  exciting  forefront 
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of  research  when  the  graduate  years  conclude.  And  midcareer  changes  might  be  desirable  later, 
whether  or  not  the  person  starts  off  in  a  research  position;  too  narrow  an  educational  experience 
makes  later  changes  difficult,  especially  in  the  direction  of  nontraditional  types  of  employment. 


5.2.1.  To  produce  scientists  and  engineers  who  are  versatile,  graduate  programs 
should  provide  options  that  allow  students  to  gain  a  wider  variety  of  academic  and 
other  career  skills. 


A  number  of  universities  have  set  up  innovative 
programs  designed  to  promote  interactions  between  academe 
and  industry.  One  example  is  the  Leaders  for  Manufacturing 
Program  at  the  Massachusetts  Institute  of  Technology ,  organized 
aroimd  the  School  of  Engineering  and  the  Sloan  School  of 
Management. 

The  program  seeks  to  create  collaborative  processes  for 
problem  identification,  discovery,  and  knowledge  transfer.  It 
attempts  to  promote  leadership  skills  (conmiimication, 
motivation,  decision-making,  and  change  management), 
practice,  and  reflection.  A  stirvey  of  industry  partners  involved 
in  the  program  estimated  that  in  the  first  S  years  they  had  saved 
more  than  $28  million  and  incorporated  40%  of  the  thesis  work 
into  practice. 


Box  5-1:  University-Industry  Interactions 


Graduate  programs  should 
offer  options  that  equip  students 
for  a  wide  array  of  eventual  career 
opportunities.  These  options  are 
beginning  to  appear  on  some 
campuses  but  need  to  be  expanded 
to  promote  students'  ability  to 
adapt.  Adaptability  can  be 
enhanced  in  two  ways. 

First,  graduate  students  can 
benefit  from  a  wider  variety  of 
academic  preparation.  For 
students  who  choose  to  enter  a 
research  career  within  the 
discipline  studied  in  graduate 
school,  it  is  important  to  have  a 

grounding  in  the  broad  fundamentals  of  the  field  and  some  personal  familiarity  with  several 
subfields — a  breadth  that  might  be  much  harder  to  gain  after  graduation.  For  such  positions, 
if  students  become  overspecialized  in  graduate  school,  they  can  later  suffer  from  an  inability  to 
recognize  and  enter  newly  emerging  kinds  of  research.  For  nonresearch  positions,  too,  one's 
value  to  employers  is  likely  to  be  enhanced  by  breadth  in  a  related  field,  gained  through 
coursework  or,  better,  a  minor.  For  example,  a  chemist  might  minor  in  computer  science  or 
a  biologist  in  mathematics.  Second,  there  is  value  in  experiences  that  supply  career  skills 
beyond  those  gained  in  the  laboratory  and  classroom.  More  students  should,  for  example,  have 
off -campus  experiences  to  acquire  the  skills  desired  by  an  increasing  number  of  employers, 
especially  the  ability  to  communicate  complex  ideas  to  nonspecialists  and  the  ability  to  work  in 
teams  of  interdependent  workers. 

The  internship  in  off -campus  settings  is  one  option  that  needs  to  be  expanded.  Project- 
oriented  teams  in  corporations  provide  potential  opportunities  for  collaborative  interactions  and 
exposure  to  challenging  practical  problems.  Joint  industry-university  projects  should  be  explored 
as  part  of  some  students'  preparation,  with  the  possibility  that  students  complete  their  dissertation 
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work   off  campus.      Such   projects  also   acquaint   faculty   members   with   the   needs   and 
organizational  cultures  of  nonacademic  employers. 

Graduate  programs  should  also  expand  on-campus  opportunities  to  allow  their  students 
to  attain  a  broader  range  of  career  skills.  Outstanding  people  in  a  large  variety  of  careers  can 
be  brought  to  campuses  for  presentations  and  made  available  to  students.  And  communication 
skills  might  be  sharpened  through  organized  presentations  to  people  outside  the  discipline  and 
through  older  students'  mentorship  of  younger  students,  for  example. 


5.2.2.  To  foster  versatility,  government  and  other  agents  of  financial  assistance  for 
graduate  students  should  adjust  their  support  mechanisms  to  include  new 
"education/training  grants"  that  resemble  the  training  grants  now  available  in  some 
federal  agencies. 


The  United  States  has  a 
sound  tradition  of  investing 
generously  in  the  graduate 
education  of  scientists  and 
engineers.  Federal  agencies, 
private  foundations,  industries, 
and  other  granting  agencies  can 
support  the  efforts  of  both  students 
and  their  graduate  programs  to 
enhance  the  versatility  of  new 
graduates. 

Most  federal  support  for 
students  is  provided  through 
researcii  assistantships.  Research 
assistantships  have  proved 
important  for  bringing  graduate 
students  into  federally  funded 
research  projects,  and  they  will  continue  to  remain  a  major  form  of  federal  assistance. 

Research  assistantships  can  bring  great  educational  benefits  to  students,  but  they  are  not 
specifically  designed  to  enhance  the  versatility  of  graduate  students.  Assistantships  are  usually 
administered  by  the  faculty  researchers  who  receive  the  research  grants,  so  the  needs  of  the 
funded  projects  themselves  are  likely  to  be  paramount  in  guiding  students'  work  assignments. 


"Compared  with  fellowships  and  traineeships,  research 
assistantships  are  a  very  imprecise  instrument  for  producing 
human  resources  for  science  and  engineering.  First,  because 
students  are  in  effect  bound  to  their  faculty  mentors  for  financial 
support,  they  have  less  flexibility  to  pursue  innovative  learning 
experiences,  such  as  participating  in  collaborative  research  with 
private  corporations.  In  addition,  research  funding  could  play 
a  larger  strategic  role  in  developing  human  resources  for  science 
and  technology,  particularly  in  attracting  and  cultivating  more 
students  from  groups  in  the  U.S.  population  that  have 
traditionally  been  underrepresented  in  science  and  engineering. 
This  has  taken  on  added  importance  now  that  the  majority  of 
new  entrants  (o  the  workforce  are  women  and  [members  of] 
minorities. " 

Source:  Good  and  Lane,  1994. 
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We  recommend  increasing  the  relative  emphasis  on  education/training  grants,  a  concept 
adapted  from  the  training  grants'  that  are  now  awarded  in  selected  agencies.  Training  grants 
are  awarded  competitively  to  institutions  and  departments,  which  use  them  to  enrich  students' 
educational  experience  in  diverse  ways.  They  have  been  used  effectively  to  meet  a  variety  of 
national  objectives,  and  they  can  be  tuned  to  the  goal  that  we  emphasize:  the  development  and 
sustenance  of  locally  conceived  program  innovations  that  enhance  versatility  in  the  graduate 
population.  We  recognize  that,  in  a  period  of  constrained  funds,  increased  emphasis  on 
education  grants  could  reduce  the  number  of  research  assistantships  that  are  available. 


The  essential  features  of 
education/training  grants  would 
be: 


•  The  grants  are 
awarded,  on  the  basis  of 
competitive  proposals,  to 
departments  and  programs,  rather 
than  to  individual  faculty 
members. 

•  Evaluation  criteria 
feature  the  proposer's  plan  to 
improve  the  versatility  of  students, 
both  through  program  and 
curriculum  innovations  and  by 
upgrading  faculty  advice  to 
acquaint  students  with  the  full 
range  of  future  employment 
options. 


In  recent  years,  the  engineering  directorate  of  the 
National  Science  Foundation  (NSF)  has  developed  innovative 
programs  that  support  the  goals  outlined  in  this  report.  One 
example  is  the  Industry  Pailnerships  in  Research  and  Education 
program,  which  includes  18  engineering  research  centers,  25 
science-technology  centers,  and  53  cooperative  research  centers. 
The  purpose  of  these  activities  is  to  increase  industry-university 
interactions. 

NSF  recently  aimounced  a  new  program  to  allow 
students  receiving  NSF  postdoctoral  fellowships  in  chemistry  to 
work  in  a  US  industrial  laboratory.  The  purposes  of  the 
program  are  to  facilitate  the  transfer  of  knowledge  and 
technology  between  industry  and  academe  and  to  give  new  PhDs 
experience  in  private  industry.  Applicants  are  required  to 
negotiate  agreements  on  intellectual  property  with  the 
sponsoring  company  and  to  write  a  research  plan  that  can  be 
pursued  after  the  fellowship  is  completed. 


Box  5-2:  New  NSF  Graduate-Education  Initiatives 


The  experience  with  training  grants  at  the  National  Institutes  of  Health  over  the  last  few 
decades  shows  that  this  type  of  mechanism  can  be  successful  in  establishing  productive 
interdisciplinary  programs  and  in  encouraging  students  to  enter  emerging  fields  of  research.  We 
encourage  the  growth  of  this  program  in  a  way  that  further  enhances  students'  command  of 
subjects  and  skills  needed  by  nontraditional  employers. 


'  Training  gram  is  the  traditional  term  to  describe  many  grants  to  universities  and  departments.  However,  we 
propose  the  term  education/training  gram  as  more  appropriate  for  the  mechanism  set  forth  in  this  report.  The 
difference  in  meaning  between  education  ("learning  how  to  think  and  learn")  and  training  ("learning  how  to  do") 
underlies  our  preference  for  adding  the  word  education.  Training  grants  are  used  to  meet  several  ends. 
Education/training  grants,  in  contrast,  would  be  aimed  at  one  goal:  greater  student  versatility. 
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What  would  be  a  "winning"  education/  training-grant 
proposal,  according  to  the  committee?  A  winning  proposal 
might  include  ( I )  an  interdepartmental  or  program  activity  that 
would  improve  the  versatility  of  graduate  students,  such  as  an 
interdisciplinary  degree  program  that  allowed  a  mathematics 
PhD  student  to  obtain  an  MS  in  engineering;  (2)  a  program 
element,  such  as  an  internship  program,  that  improved  the 
adaptability  of  graduate  students  by  increasing  their  exposure  to 
different  ways  of  working  in  different  employment  sectors;  (3) 
a  program  element  that  exposed  students  to  the  wide  variety  of 
employment  opportunities  open  to  them  via  career-opportunity 
and  skill  seminars,  job  fairs,  and  graduate  career  coimseling; 
and  (4)  a  program  to  reduce  time  to  degree  by  1  year. 

One  example  of  a  wiiming  proposal  would  be  a  grant 
that  would  be  provided  to  both  a  university  and  an  industry  for 
a  collaborative  research  program.  One  could  imagine  a 
collaborative  program  between  the  University  of  Washington 
and  Boeing  Corporation  to  develop  a  program  in  which  the 
University  of  Washington  would  provide  solid  groimding  in 
elementary  and  particle  physics  and  Boeing  would  provide 
background  in  aerospace  applications  of  physics.  Another 
possibility  is  a  grant  to  a  university  and  a  state  K-12  authority 
to  provide  teacher  leadership  training  in  science  curricula. 


The  National  Science 
Foundation  (NSF)  is  reviving  the 
training-grant  program  that  it 
supported  until  the  1970s.  In  its 
initial  stage,  only  a  few  hundred 
of  the  20,000  students  supported 
by  NSF  grants  are  receiving 
traineeships.  By  means  of  its 
training  grants,  NSF  hopes  to 
serve  a  variety  of  distinct 
purposes,  including  promotion  of 
emerging  fields,  interdisciplinary 
programs,  industry  involvement, 
and  the  participation  of  women 
and  minority-group  members.  We 
encourage  deliberate  expansion  of 
this  effort  for  the  special  purpose 
of  fostering  broader  graduate 
experiences,  which  could  well 
include  industry  involvement  and 
emerging  research  that  is 
particularly  valued  in  expanding 
job  markets.  Some  of  the  new 
education/training  grants  should  be 

administered  as  demonstration  grants  for  particularly   innovative  programs;   if  successful, 
demonstration  grants  should  be  expanded  at  NSF  and  replicated  in  other  agencies. 

Other  federal  agencies  could  use  education/training  grants  effectively.  The  Atomic 
Energy  Commission  and  the  National  Aeronautics  and  Space  Administration  once  used  what  they 
called  training  grants  to  help  to  augment  the  national  pool  of  nuclear  and  aerospace  engineers; 
today,  the  Environmental  Protection  Agency  and  the  Department  of  Energy,  for  example,  could 
use  this  type  of  grant  to  induce  more  young  researchers  to  address  issues  in  environmental 
protection  and  remediation.  Similarly,  one  goal  of  the  recently  launched  technology-transfer 
programs — the  Advanced  Technology  Program  and  the  Technology  Reinvestment  Program — is 
to  foster  science-based  technologies  in  industry.  Those  programs  now  operate  by  means  of  cost- 
shared  research  grants,  but  a  worthy  national  objective  could  be  the  development  of  human 
resources  as  a  component  of  technology  transfer,  and  a  portion  of  program  funds  could  be 
devoted  to  education/training  grants. 

Education/training  grants  need  not  be  restricted  to  federal  agencies.  For  example, 
corporate  sponsors  could  design  grants  to  expose  students  to  industrial  research,  development, 
and  problem-solving.  Foundations  and  state  governments  could  fund  graduate  education/training 
grants  with  the  aim  of  producing  secondary-school  teachers  and  science-curriculum  sp)ecialists. 

In  summary,  these  suggestions  are  intended  to  encourage  a  better  balance  among  the 
alternative  types  of  grants:  continuing  fellowships  for  the  top  research-oriented  students, 
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expanding  education/training  grants  to  catalyze  the  development  of  innovative  programs, 
continuing  a  substantial  number  of  research  assistantships,  and  continuing  institution-supported 
teaching  assistantships. 


5.2.3.  In  implementing  changes  to  promote  versatility,  care  must  be  taken  not  to 
compromise  other  important  objectives. 


Introducing  measures  to 
enhance  versatility  will  require 
care  and  imagination.  They 
should  be  instituted  in  a  way  that 
allows  universities  to  attain  other 
ends — enumerated  below — at  the 
same  time. 

Maintaining  Local  Initia- 
tive. The  changes  that  we  recom- 
mend will  likely  come  from  local 
institutional  initiatives  and  should 
show  considerable  local  variation. 
We  would  not  expect  or  want  all 
universities  to  offer  the  same  or 
similar  options  to  their  students. 
Programs  should  build  on  their 
own  strengths  and  interests.  Some 
universities  and  departments  might 
want  to  focus  on  particular  career 
paths  (e.g.,  secondary-school 
teaching  or  subject  fields  of 
interest  to  local  business  and 
industry).  Others  might  empha- 
size the  development  of  particular 
career  skills  or  cross-disciplinary 
combinations.  Different  university 
programs  across  the  United  States 
play  different  roles  now,  and  that 
should  continue. 


At  Drexel  University,  PhD  programs  are  relatively 
new.  The  first  efforts,  beginning  in  the  1960s,  were 
interdisciplinary  biomedical  programs.  Today,  Drexel  produces 
70-80  PhDs  per  year,  mostly  in  science  and  engineering. 

An  unusual  aspect  of  the  program  is  that  students  spend 
18  months  of  the  5 -year  program  doing  cooperative  work  with 
industry.  Dennis  Brown,  provost  at  Drexel,  told  the  committee 
that  half  the  full-time  faculty  are  involved  in  collaborative 
industry-faculty  research. 

In  Dr.  Brown's  opinion,  today's  scientists  and 
engineers  need  more  knowledge  about  business,  pedagogy, 
multidisciplinary  approaches,  and  policy  enviromnents.  He 
summarized  the  Drexel  approach  as  a  "value-added  PhD," 
which  includes 


•  More  intimate  knowledge  of  btisiness  and 
conunerce  and  ability  to  develop  and  market  ideas. 

•  Less  emphasis  on  research  during  graduate 
school  and  more  emphasis  on  education. 

•  Interdisciplinary    PhDs    in    such    areas    as 
environmental  science  and  engineering  and  biomedicine. 

•  Combining  traditional  PhDs  with  policy  studies 
through  Craineeship  programs. 


Other  current  efforts  at  Drexel  include  master's-degree 
cooperative  placements,  new  programs  in  engineering 
management  and  software  development,  increased  employer 
support  for  advanced  training,  and  a  practice-oriented  master's 
degree  in  engineering. 


Box  5-4:  A  "Value-Added  PhD" 


Maintaining  Excellence  in  Research.    We  are  not  recommending  that  all  students  be 
prepared  for  nonresearch  careers.  Opportunities  appear  to  be  growing  in  nonresearch  jobs  now; 
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but  we  will  continue  to  need  many  of  the  best  students  to  dedicate  themselves  to  research  in 
academic  and  nonacademic  settings,  and  they  will  need  the  depth  and  quality  of  graduate 
experience  that  basic  researchers  have  long  enjoyed. 

Furthermore,  we  are  not  espousing  what  some  call  vocationalism.  The  idea  is  not  to  slot 
every  student  into  a  particular  career  path  and  then  "train"  him  or  her  accordingly.  Among  other 
problems,  that  would  bind  smdents  to  jobs  that  can  change  or  decline  in  number  while  they  are 
in  graduate  school.  What  is  needed  is  not  additional  specialization.  We  need  a  graduate  system 
that  is  well  mned  to  the  central  feature  of  contemporary  life:  continuous  change.  Change  is 
happening  both  within  the  research  world  and  outside,  and  work  in  both  spheres  requires 
constant  readiness  to  adapt.  Our  objective,  therefore,  is  a  breadth  of  experience  so  that 
graduates  can  keep  career  options  open  and  have  the  capacity  to  switch  career  tracks  both  at  the 
beginning  of  and  throughout  their  professional  lives. 

Controlling  Time  to  Degree.  The  recommended  changes  should  not  be  construed  as 
additional  requirements  that  would  in  themselves  extend  a  student's  time  in  a  graduate  program. 
The  steadily  lengthening  time  to  degree — and,  more  important,  the  time  to  first  employment — is 
already  too  long,  for  whatever  reasons.  Many  ways  of  fostering  versatility,  including  several 
noted  above,  can  easily  be  introduced  within  the  time  that  graduate  students  now  spend  after 
registration.  An  industrial  assignment,  for  example,  might  replace — and  not  supplement — an 
on-campus  research  assignment. 

We  are  aware  of  some  strain  between  broadening  the  graduate  experience  and  controlling 
its  duration.  Both  solutions  are  needed,  even  if  considerable  administrative  energies  are 
required.  Although  long  average  time  to  degree  is  often  decried,  faculty  and  administrators  have 
not  generally  made  the  disciplined  effort  that  is  needed  to  tighten  graduate  programs. 

Whatever  the  nature  of  a  specific  graduate  program,  it  is  crucial  to  establish  the  principle 
that  each  student  is  the  responsibility  of  a  department,  not  of  a  single  faculty  member.  Thus, 
a  small  faculty  group  (including  the  adviser)  should  meet  often  with  each  student  working  for 
a  PhD  degree;  this  faculty  group,  not  the  student's  faculty  adviser  acting  alone,  should  determine 
when  enough  work  has  been  accomplished  for  the  PhD  degree. 

Some  observers  have  suggested  fixed  limits — 5  years,  perhaps,  which  is  about  2  years 
shorter  than  the  current  averages — for  a  doctoral-education  career.  In  the  abstract,  it  is  not 
obvious  why  such  a  period,  which  would  allow  2  years  of  coursework  and  3  years  for  a 
dissertation,  should  not  suffice  for  most  full-time  PhD  candidates.  However,  we  are  not 
prepared  to  espouse  strict  limits,  in  part  because  today's  more-diverse  student  population 
requires  flexibility  to  accommodate  family  and  other  personal  factors. 

However,  we  do  believe  that  the  "Two  Plus  Three  Plus  X"  model  for  doctoral  education 
ought  to  be  evaluated  and  debated  within  the  academic  community.  The  idea  is  that  preparation 
for  a  career  in  research  has  three  discrete  phases.  The  first,  which  should  require  no  more  than 
2  years  (assuming  adequate  preparation  and  suitable  adjustment  for  part-time  students),  is  for 
developing  a  broad  command  of  the  field.  The  second,  for  which  the  norm  might  be  3  years, 
is  for  making  an  original  contribution  to  research  as  reflected  in  the  dissertation.  The  third,  for 
refining  research  skills  and  specialized  knowledge  that  might  be  required  for  a  first  research 
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position,  should  be  left  to  postdoctoral  assignments.    Our  concern  is  that  the  second  and  third 
phases  are  often  merged  in  current  practice. 

We  urge  institutions  to  set  their  own  standards  on  time  to  degree.  This  could  be  done 
at  the  departmental  or  program  level,  and  it  could  accommodate  the  features  of  individual 
disciplines  and  the  character  of  the  student  body.  The  standards  should  be  clearly  communicated 
to  students  and  advisers,  and  responsibility  for  enforcement  should  be  accepted  by  university 
administrators. 


Attracting  Women  and  Minority-Group 
Members.  It  is  essential  that  a  fair  share  of 
the  best  students  be  attracted  to  each 
discipline  in  science  and  engineering.  If  it 
appears  that  the  numbers  of  women  and 
minority-group  members  are  low  in  particular 
fields,  an  effort  must  be  made  to  determine 
whether  there  are  barriers  to  entry,  including 
issues  perceived  as  barriers  by  members  of 
the  group  in  question.  If  so,  steps  to 
encourage  increased  participation  should  be 
devised  and  implemented. 


Paula  Hammond,  a  postdoctoral 
engineering  student  at  Harvard  University  and 
recent  PhD  graduate  of  MIT,  sees  the  need  to 
improve  the  mentorship  provided  to  all  graduate 
students,  but  especially  to  women  minority-group 
members.  As  a  black  woman,  she  has  also  seen 
how  helpful  are  such  opportunities  as  fellowships, 
student  travel  to  professional  conferences,  and 
undergraduate  training  programs  for  minority- 
group  members.  Such  activities  are  effective  in 
encouraging  careful  planning,  providing  improved 
access  to  professors,  and  "showing  minority-group 
students  the  ropes.' 


Box   5-5:    Minority    Issues: 
Improvement 


Suggestions    for 


5.3       TOWARD  BETTER  CAREER  INFORMATION  AND  GUIDANCE 


The  committee  is  concerned  about  the  lack  of  organized  and  timely  career  information 
and  guidance  that  is  available  to  students  and  their  advisers — especially  about  the  absence  of 
reliable  information  on  the  less-conventional  career  paths  of  scientists  and  engineers. 

Faculty    attitudes    have    sometimes 


favored  academic  research  careers,  and  some 
students  have  come  to  feel  that  other  career 
paths  were  less  worthy. 

During  their  graduate  years,  students 
by  themselves  have  access  to  little  more  than 
anecdotal  information  about  career  options. 
Many  proceed  through  these  years  presuming 
that  research  jobs  will  be  available  in 
sufficient    numbers    to    allow    them    some 

freedom  of  choice.  They  might  see  no  urgency  to  investigate  alternative  careers  when  actual 
job  entry  is  several  years  away  and  few  sources  of  information  about  such  careers  are  available. 
Their  faculty  advisers,  having  spent  most  of  their  time  interacting  with  other  academic 
researchers,  might  have  little  personal  knowledge  about  alternatives  and  thus  no  basis  to  advise 


"Our  message  is  a  simple  one:  Everyone  who 
teaches  and  counsels  fumre  scientists  and 
engineers  must  give  careful  consideration  to  the 
many  profound  changes  in  career  paths  in  these 
fields  and  in  the  economy  and  workforce 
generally." 

Source:  CJood  and  Lane,  1994 
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Students  about  them.  Former  students  who 
have  taken  nonresearch  jobs  are  often  less 
visible  to  their  graduate  departments  than 
former  students  in  traditional  positions  and 
are  too  seldom  available  as  career  models  for 
current  students.  Departments  generally  do 
not  adequately  track  information  on 
nonacademic  nonresearch  employment  so  that 
it  will  be  available  to  potential  and  current 
students. 

The  lack  of  reliable  and  timely 
information  impedes  the  adjustments  of  the 
supply  of  graduate  scientists  and 
engineers— both  upward  and  downward— to 
the  demands  of  the  job  market. 

The  committee  stresses  that 
departments  should  not  assume  that  the 
burden  of  learning  about  realistic  career 
options  rests  with  students.  They  have  an 
affirmative  obligation  both  to  know  what  the 
full  range  of  options  is  and  to  impart  that 
knowledge  to  students. 


Graduate  students  in  science  and 
engineering  have  insufficient  current  information 
on  careers  and  employment.  Some  academic 
institutions  and  societies  are  now  offering  seminars 
and  other  programs  on  this  topic.  To  judge  by 
attendance,  student  interest  is  high. 

For  example,  Stanford  University  recently 
held  a  symposium  on  education  and  careers  in 
biomedicine.  The  symposium  was  described  as  "an 
interactive  forum  to  address  the  issues  that  have 
been  generated  by  the  current  shortage  of 
academic  positions  and  to  identify  alternative  and 
traditional  career  opportunities  as  well  as 
educational  needs  for  both  predocloral  and 
postdoctoral  fellows."  Presenters  included  persons 
in  govermnent,  academe,  industry,  and  law. 

Similarly,  Princeton  University  recently 
held  a  seminar  on  careers  in  chemistry.  Industry 
representatives,  entrepreneurs,  and  representatives 
of  professional  societies  provided  an  overview  of 
nontraditional  careers.  The  organizers  offered 
information  on  resume-writing,  job-interview 
skills,  and  Job-search  techniques. 


Box  5-6:  Career  Seminars  for  Graduate  Students 


5.3.1.  Graduate  scientists  and  engineers  and  their  advisers  should  receive  more  up- 
to-date,  accurate,  and  accessible  information  to  make  informed  decisions  about 
professional  careers.  Broad  electronic  access  to  such  information  should  be 
provided. 


We  recommend  that  a  national  database  on  employment  options  and  trends  be  established. 
The  database  information,  intended  for  both  students  and  their  advisers,  should  include,  by  field, 
data  on  career  tracks,  graduate  programs  (including  financial  aid),  time  to  degree,  and  placement 
rates. 

Given  the  diversity  of  the  information  for  which  there  is  a  need,  it  is  clear  that  the 
responsibility  for  providing  data  must  be  shared  by  all  partners  in  the  graduate-education 
enterprise,  including  the  universities,  federal  and  state  agencies,  and  professional  societies. 

The  rapid  development  of  information  networks — collectively  called  the  Internet — makes 
it  possible  to  organize  employment  and  career  information  so  that  two  important  principles  are 
maintained:  the  information  made  available  in  the  information  system  retains  decentralized  "grass 
roots"  and  therefore  more  currency  than  information  previously  assembled  into  central 
compendia;  and  timely  information  is  available  where  it  is  most  needed — in  the  hands  of  the 
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ultimate  consumers,  doctoral  students,  graduates,  and  their  mentors  and  advisers.  In  the  past 
(for  example,  as  recently  as  the  downturn  in  aerospace  employment  in  the  1970s),  it  would  not 
have  been  possible  to  construct  an  employment-information  system  that  recognized  those 
principles.  The  new  technologies  can  and  should  be  deployed  to  improve  nationwide  access  to 
accurate,  germane,  and  timely  education  and  employment  information. 

The  National  Science  Foundation  should  coordinate  the  federal  participation  needed  to 
organize  the  database.  However,  it  is  preferable  that  the  database  be  designed  and  managed 
within  the  research  community  itself  so  that  it  has  accurate  and  timely  information  that  is 
credible  to  students  and  other  users,  some  of  it  collected  from  university  departments  and 
professional  societies.  A  national  organization  that  covers  the  many  fields  of  science  and 
engineering  could  be  a  catalyst  in  establishing  the  database. 


5.3.2.  Academic  departments  should  provide  employment  information  and  career 
advice  to  prospective  and  current  students  in  a  timely  manner  and  should  help 
students  see  career  choices  as  a  series  of  branching  decisions.  Students  should  be 
encouraged  to  consider  discrete  alternative  pathways  when  they  have  met  their 
qualifying  requirements.  


Graduate  students  typically  devote 
years  of  intense  effort  to  their  education,  and 
they  deserve  thoughtful,  individual  advice 
about  career  options.  Many  faculty  members 
find  that  advising  and  mentoring  are  among 
the  most  important  and  most  rewarding  of 
their  responsibilities.  But  more  can  be  done 
to  make  sure  the  advice  that  is  given  is  both 
pertinent  and  complete. 

Advice  for  students  should  not  be 
limited  to  the  personal  knowledge  of  the 
faculty  member  who  serves  as  a  student's 
adviser.  Departments  should  both  understand 
and  convey  the  employment  prospects  of  their 
graduates.  One  way  to  start  is  to 
track— perhaps  with  the  assistance  of  alumni 
affairs  offices— their  own  past  graduates 
systematically . 

Use  of  information  in  the  national 
database  recommended  above  could  help. 
We   hope,    in  addition,    that   some   of  the 


To  help  graduate  students  to  make  career 
choices,  some  universities  provide  information  on 
the  employment  of  their  graduates.  For  example, 
business  school  at  the  University  of  Chicago 
provides  an  overview  of  the  placement,  salary,  and 
demographics  of  its  graduates  by  industry, 
function,  geographic  region,  undergraduate  major, 
years  of  work  experience,  and  recent  employers. 
This  information  is  distributed  to  potential  and 
current  students  and  to  potential  employers. 

A  few  universities  provide  useful 
information  about  science  and  engineering 
graduates.  Michigan  State  University  indicates  the 
employment  sector,  geographic  distribution,  salary 
trends,  and  unemployment  rate  of  its  science  and 
engineering  graduates. 

Although  some  universities  collect 
employment  information,  they  rarely  provide  it  to 
those  attempting  to  decide  whether  to  enter 
graduate-degree  programs.  Doing  so  could  allow 
students  to  make  better  decisions  about  courses, 
programs,  and,  ultimately,  careers. 


Box  5-7.  Employment  Information  for  Smdents 
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demonstration  effort  funded  under  a  program  of  education/training  grants  would  allow 
departments  to  invent  and  try  other  novel  means  of  improving  the  advice  that  students  receive. 

In  the  past,  when  most  students  were  destined  to  become  professors,  graduate  school  was 
more  accurately  construed  as  a  step  on  a  simple  career  ladder.  We  are  concerned  that  that 
perception  is  still  held  in  some  places.  Departments  should  help  students  to  conceive  of  their 
time  in  graduate  school  as  a  series  of  deliberate  decision  branches. 

Academic  departments  can 


focus  attention  on  the  importance 

of  career  choice  at  two  particular 

points.  The  first  is  the  application 

stage.   It  would  be  helpful  if  more 

departments,    in  describing   their 

programs    to    potential    students, 

routinely     provided    more    data 

relevant  to  career  choice,  such  as 

location     of     job     placements, 

salaries,  and  unemployment  rates 

for     the     department     and     the 

discipline      as      a      whole. 

Departments  should  report  on  the 

careers  of  all  their  graduates  and 

provide  the  relevant  information  to 

prospective  and  current  students.  Such  information  could  help  to  prevent  unrealistic  expectations 

among  students. 

The  second  point  is  the  beginning  of  the  research  phase,  which  usually  begins  with  the 
passage  of  the  qualifying  examination  for  doctoral  students.  That  is  when  departmental  advisers 
can  help  students  to  evaluate  each  of  three  distinct  options: 


Leonard  Caner  is  an  older  graduate  student  at  Boston 
University  pursuing  a  PhD  in  astrophysics.  He  has  extensive 
work  experience  in  government  and  for-profit  and  nonprofit 
corporations.  He  believes  that  the  most-effeaive  preparation  for 
a  career  is  a  combination  of  academic  studies  and  working 
apprenticeships.  To  this  end,  he  suggested  increasing 
partnerships  among  industry,  academe,  and  government. 

In  line  with  his  own  experience,  he  advocates  flexible 
career  preparation.  Students  should  t>e  encouraged  to  do 
apprentice  work  in  a  variety  of  areas  to  understand  the  full 
range  of  employment  options  and  the  work  culture  of  industry. 

He  suggests  that  universities  assist  in  this  effort  by 
tracking  PhDs,  obtaining  feedback  from  them  3-5  years  after 
graduation,  and  providing  this  feedback  to  current  students. 


Box  5-8:  Viewpoint  of  an  Older  Student 


•  Some  might  conclude  that  a  master's  degree  is  sufficient,  given  their  aspirations 
and  the  current  employment  demand  for  PhDs. 

•  Some  might  elect  to  proceed  toward  a  PhD  and  try  for  a  position  in  research. 

•  Students  interested  in  nontraditional  careers  could  design  dissertations  that  meet 
high  standards  for  originality  but  require  less  time  than  would  be  customary  for  a  career  in 
academic  research. 


The  last  of  those  options  is  often  neglected.  Implementing  the  first,  which  is  typically 
undervalued,  might  require  some  reshaping  of  the  master's  program  to  ensure  that  those  who 
switch  from  the  doctoral  program  receive — and  are  perceived  to  receive — something  more  than 
a  consolation  award.  Among  other  advantages,  this  counseling  approach  will  require  that  the 
leading  faculty  members  come  to  respect  the  alternative  careers  that  are  available  to  their 
students. 
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Professional  societies  are  often  in  the  best  position  to  gather  nationwide  employment 
information  on  scientists  and  engineers  by  field.  Some — the  Graduate  Student  Packet  of  the 
American  Physical  Society  and  American  Institute  of  Physics  is  a  good  example — have  made 
impressive  starts  in  this  direction.  University  departments  should  help  to  communicate  their 
results  to  students  and  advisers. 


5.3.3.  The  National  Science  Foundation  and  National  Research  Council  should 
continue  to  improve  the  coverage,  timeliness,  and  analysis  of  data  on  the  education 
and  employment  of  scientists  and  engineers  to  support  better  national  decision- 
making about  hiunan  resources  in  science  and  technology. 


NSF  has  the  re- 
sponsibility for  collecting, 
analyzing,  and  dissemi- 
Piating  information  on  the 
science  and  engineering 
enterprise.  In  addition  to 
the  series  of  biennial 
reports  on  science  and 
engineering  indicators, 
NSF  publishes  a  number  of 
more  specialized  reports  on 
the  production  and  use  of 
scientists  and  engineers  at 
all  degree  levels.  Through 
such  activities,  it  holds  the 
lead  role  in  providing 
policy-related  information 
to  national  decision-makers 
in  government,  industry, 
academe,  and  scientific 
societies.  Some  of  the  data 
collection  related  to 
graduate  education, 
including  the  Survey  of 
Doctorate  Recipients,  is 
done  by  the  National  Research  Council. 

In  preparing  this  report,  we  have  been  limited  in  various  ways  by  the  lack  of  timely  and 
relevant  information  that  policy-makers — and  students  and  their  advisers — should  have.  NSF 
should  address  the  following: 


Scientific  and  engineering  societies  provide  helpfiil  career 
guidance  about  current  trends.  This  information  is  often  obtained  by 
surveys  of  the  membership  and  published  by  the  societies. 

For  example,  the  American  Chemical  Society  annually  offers 
data  on  career  opportunities,  an  overview  of  the  ciurent  workforce, 
information  on  jobs,  job-bunting  tips,  an  analysis  of  help-wanted  ads,  a 
salary  survey,  and  sources  of  information  on  career  planning. 

Another  example  is  an  excellent  document  produced  by  the 
American  Physical  Society  (APS)  and  the  American  Institute  of  Riysics 
(AIP)  for  graduate  students  in  physics;  entitled  Graduate  Student  Packet 
(APS,  1995),  it  provides  information  on  employment  statistics, 
corporations  employing  the  largest  numbers  of  physicists,  how  to  write 
a  resume  and  cover  letter,  interview  tips,  a  list  of  nontraditional  positions 
held  by  physicists,  and  a  list  of  resource  books,  bulletins,  and 
directories.  Also  included  are  interesting  biographical  sketches  of  people 
in  nontraditional  occupations.  Besides  general  biographical  information, 
the  persons  profiled  indicate  what  careers  are  like,  give  career  path 
information,  and  give  general  career  advice.  The  document  is  provided 
free  by  APS  and  AIP  to  anyone  on  request. 

Society  information  tends  to  be  more  current  and  specific  than 
information  published  by  the  federal  govenunent.  For  graduate  students 
who  maintain  membership,  it  offers  overviews  of  the  employment  market 
throughout  their  student  careers.  Univetsities  can  help  by  disseminating 
this  information  to  stiulents  who  are  not  members. 


Box  5-9:  Disciplinary  Societies  and  Career  Information 
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Timeliness.  Databases  and  reports  should  be  made  available  soon  after  the  data  are 
collected. 

Nonacademic  employment.  NSF  should  increase  the  degree  of  detail  of  data  on 
nonacademic  employment,  which  now  accounts  for  most  new  scientists  and  engineers.  More 
information  is  also  needed  on  the  career  tracks  followed  by  scientists  and  engineers,  both  inside 
and  outside  universities. 

Extramural  research.  In  addition  to  strengthening  its  own  data  collection  and  analysis, 
NSF  should  expand  its  support  of  extramural  research  on  career  patterns  in  advanced  science 
and  engineering. 


5.4       TOWARD  IMPLEMENTATION  OF  A  NATIONAL  POLICY 


In  preparing  our  last  report.  Science,  Technology,  and  the  Federal  Government:  National 
Goals  for  a  New  Era  (COSEPUP,  1993),  it  became  clear  that  no  coherent  national  policy  guides 
the  education  of  advanced  scientists  and  engineers,  even  though  the  nation  depends  heavily  on 
them.    That  recognition  was  an  important  stimulus  for  the  present  report. 

A  casual  observer  might  say  that  federal  policy  should  simply  be  to  fund  the  best  research 
and  that  sound  graduate  education  is  an  automatic  byproduct.  There  is  some  validity  to  that 
view,  but  we  believe  that  it  is  time  to  reconsider  the  stewardship  of  our  human  resources 
separately.  The  nation's  graduate  programs  must  prepare  scientists  and  engineers  for 
contributions  not  only  to  the  nation's  basic  research,  but  also  to  a  wide  array  of  other  national 
objectives.  Simply  to  let  the  development  of  human  resources  be  guided  by  the  workings  of  the 
relevant  labor  markets  is  an  inadequate  policy,  given  the  long  lead  times  required  to  make  career 
decisions. 

At  present,  there  is  neither  the  conceptual  clarity  nor  the  factual  basis  for  us  to  lay  out 
a  coherent  policy.    We  are  concerned  that  many  prevailing  views  are  obsolete  or  obsolescent. 


5.4.1.  A  searching  national  discussion  that  includes  representatives  of  government, 
universities,  employers,  and  professional  organizations  should  examine  the  goals, 
policies,  conditions,  and  unresolved  issues  pertaining  to  graduate-level  human 
resources. 


Graduate  education  is  the  responsibility  of  private  and  state-supported  universities;  of  the 
federal  and  state  governments,  which  support  many  students;  of  the  corporate  sector,  which 
increasingly  employs  those  who  complete  it;  and  of  public  and  private  foundations,  which 
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support  its  conduct  and  study  its  workings.  All  those  parties  need  to  be  involved  in  a  continuing 
reconsideration  of  graduate  education  and  its  national  purposes. 

Three  kinds  of  issues  are  suggested  as  worthy  of  a  searching  national  discussion: 


•  National  goals  and  policy  options. 

•  System  characterization. 

•  Contemporary  issues. 


National  Goals  and  Policy  Options.  How  can  we  judge  the  overall  adequacy  of  the 
national  system  of  graduate  education  in  science  and  engineering?  Our  1993  Goals  report 
suggested  three  goals  to  keep  in  mind  in  assessing  the  nation's  performance  in  research.    Goal 

1  is  for  the  United  States  to  be  among  the  world  leaders  in  all  major  fields  of  research.    Goal 

2  is  for  the  United  States  to  maintain  clear  leadership  in  selected  fields.  Goal  3  is  for  the  United 
States  to  cede  technological  leadership  in  no  technology  because  of  technical  backwardness 
alone. 

Whether  that  framework  suggests  a  corresponding  set  of  goals  for  graduate  education  or 
whether  some  other  goals  are  appropriate  should  be  considered.  With  better  agreement  on  goals, 
participants  could  productively  refine  the  roles  and  responsibilities  of  each  sector — university, 
state  and  federal  government,  professions,  corporations — in  meeting  them. 

Policies  and  goals  for  graduate  education,  to  be  truly  national,  must  be  the  shared 
objectives  of  all — the  research  and  teaching  institutions,  state  leaders,  the  federal  agencies 
responsible  for  support  of  research  and  education,  and  Congress.  Developing  a  shared  national 
view  of  such  goals  (and  not  just  a  federal  view)  could  lead  to  a  series  of  policies  and  actions 
taken  by  all  the  partners  in  the  system. 

The  science  and  engineering  graduate-education  enterprise,  which  serves  multiple  national 
objectives,  should  be  measured  against  several  yardsticks.  It  should  ensure  a  steady  supply  of 
precollege  and  college  teachers,  of  university  faculty,  and  of  researchers  in  academic, 
government,  and  industrial  laboratories.  It  should  meet  the  expanding  need  for  advanced 
scientists  and  engineers  in  careers  outside  research.  And  it  should  offer  a  diverse  vision  of 
education  and  employment  that  inspires  future  generations  of  American  students  to  strive  for 
careers  in  science  and  technology. 

System  Characterization.  What  are  the  key  trends  in  graduate  education  with  respect  to 
employment  patterns,  career  paths,  financial  support  from  public  and  private  sources,  program 
evolution,  and  so  on?   What  are  the  determinants  of  those  trends? 

The  national  discussion  could  examine  whether  underemployment  is  widespread,  how 
nontraditional  employers  view  new  PhDs,  the  growth  of  postdoctoral  positions,  and  how  people 
choose  careers.  It  could  also  monitor  progress  on  innovations,  such  as  the  measures 
recommended  in  this  report,  and  it  might  thus  serve  as  a  clearinghouse  for  information  on 
university  programs  intended  to  foster  versatility,  including  those  stemming  from  demonstrations 
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funded  by  education/training  grants,  and  facilitate  the  development  of  a  national  database  for 
better  career  decision-making. 

Contemporary  Issues.  Finally,  the  national  discussion  could  examine  current  issues  on 
which  opinions  diverge  across  the  sectors,  including  the  difficult  issues— time  to  first  job  and 
sources  of  new  students— discussed  in  Chapter  4. 


5.5       CONCLUSION 


In  conclusion,  the  committee  believes  that  science  and  engineering  graduate  programs  will 
be  improved  if 


•  Science  and  engineering  programs  are  made  more  flexible  and  provide  more 
options  for  students  so  that  they  are  more  versatile. 

•  Graduate-smdent  support  is  shifted  to  education/training  grants. 

•  Time  to  degree  is  controlled. 

•  More  women  and  minority-group  members  are  attracted  to  them. 

•  Better  and  more-timely  career  information  and  guidance  are  provided  while 
diversity  and  excellence  in  research  are  maintained. 


How  can  reforms  like  this  work  in  a  system  as  decentralized  as  graduate  education?  The 
committee  feels  that  there  is  one  especially  good  way:  for  the  major  participants— universities, 
government,  industry,  and  foundations— to  come  together  to  discuss  these  issues.  Although 
some  major  universities  have  b'een  slow  to  consider  reforms,  there  has  in  fact  been  tremendous 
innovation,  and  our  specific  recis.mmendations  for  institutional  change  are  being  implemented 
somewhere.  This  should  be  bettertaiown.  The  committee  feels  strongly  that  having  a  national 
dialogue  could  strengthen  an  educatfonal  process  that  must  change  at  least  as  fast  as  the  world 
around  it. 
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OVERVIEW 


About  1,500  institutions  of  higher  learning  in  the  United  States  have  programs  leading 
to  degrees  in  science  and  engineering.  Of  those,  near;y  300  offer  doctoral-degree  programs  in 
science  and  engineering.  They  also  offer  master's  degrees,  and  more  than  400  nondoctoral 
academic  institutions  offer  master' s-degree  programs  in  science  and  engineering.  In  1992,  about 
430,000  graduate  students  were  in  science  and  engineering  programs;  87%  of  them  were  at  the 
300  doctorate-granting  institutions. 

In  1992,  about  80,000  master's  degrees  and  25,000  doctoral  degrees  were  earned  in 
science  and  engineering  fields.  About  one-fourth  of  the  doctorates  were  awarded  in  each  broad 
field  of  science  and  engineering:  physical/mathematical  sciences,  life  sciences,  social  sciences, 
and  engineering.  The  median  time  from  the  bachelor's  degree  to  the  PhD  was  9.2  years.  More 
than  half  of  the  master's  degrees  and  90%  of  the  PhDs  are  awarded  by  the  150  universities  that 
receive  90%  of  federal  academic  R&D  funding. 

About  5%  of  all  science  and  engineering  doctorate  recipients  in  1993  (14%  of  life- 
sciences  PhDs)  were  supported  by  federal  fellowships  and  traineeships.  Another  61  %  (including 
78%  of  physical  scientists  and  69%  of  engineers)  received  external  support,  primarily  research 
assistantships  and  teaching  assistantships.  Many  of  the  research  assistantships  were  funded  by 
federal  grants.  About  one-quarter  of  the  science  and  engineering  doctoral  recipients  (including 
one-half  the  social  scientists)  were  self-supporting  (including  federally  guaranteed  loans). 

More  than  one-third  more  doctorates  in  science  and  engineering  were  awarded  in  1993 
than  in  1983.  Seven-tenths  of  the  net  increase  in  doctorate  awards  went  to  foreign  citizens  with 
temporary  visas,  and  most  of  the  remaining  increase  was  to  US  women.  In  1993,  nearly  30% 
of  the  doctorates  were  earned  by  women,  up  from  about  25%  in  1983.  In  1992,  5.7%  of  PhDs 
were  earned  by  members  of  underrepresenled  minorities  in  1992,  up  from  4.1%  in  1983;  most 
of  the  increase  was  earned  by  Hispanics.  Foreign  citizens  with  temporary  visas  greatly  increased 
their  share  of  US  doctorates,  earning  18.5%  in  1983  and  32%  in  1993;  almost  all  the  net 
increase  was  accounted  for  by  citizens  of  Asian  countries.  Nearly  half  of  the  engineering  PhDs 
went  to  foreign  citizens  with  temporary  visas. 


THE  GRADUATE  STUDE>fTS 


In  1992,  the  National  Science  Foundation  (NSF)  estimated  that  about  431,600  students 
were  enrolled  in  graduate  scie*^-  -  and  engineering  degree  programs  (NSF,  1994a:Tabie  1).  Most 
(87%)  were  enrolled  in  doctorate-granting  instimtions,  a  proportion  that  has  varied  only  slightly 
since  the  NSF  survey  began  in  1975.  Most  (67%)  were  full-time  students  (this  proportion  was 
72%  in  doctorate-granting  institutions). 
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It  is  not  possible  to  tell  which  of  these  graduate  students  were  enrolled  in  master's  degree 
programs  and  which  in  doctoral  programs,  although  many  PhD  recipients  have  master's  degrees 
(72%  in  1993)  (NRC,  1995:Appendix  Table  A-3). 

Table  B-1,  a  comparison  of  the  distribution  of  science  and  engineering  graduate  students 
among  fields  by  type  of  instimtion  and  enrollment  status  shows  that  life-sciences  graduate 
students  were  somewhat  more  likely  than  science  and  engineering  graduate  students  overall  to 
be  at  doctorate  institutions  and  to  be  enrolled  full-time.  Social  sciences  and  behavioral-science 
graduate  students  had  the  opposite  pattern:  they  were  somewhat  more  likely  to  be  part-time  and 
at  master's  institutions.  Engineering  graduate  students  were  slightly  more  likely  to  be  at 
doctorate  institutions  but  more  likely  to  be  enrolled  part-time. 

TABLE  B- 1   Distribution  of  Science  and  Engineering  Graduate  Students,  by  Field,  1992 


All  Institutions, 

Doctorate-Granting 

Institutions 

Field 

All  Smdents 

All  Students 

Full-Time  Smdents 

TOTAL 

431,613  (100%) 

374,781  (100%) 

270,984  (100%) 

Physical/ 

mathematical  sciences 

106,548  (25.0%) 

93.429  (25.2%) 

69.053  (25.8%) 

Astronomy 

869 

869 

840 

Physics 

14,264 

13,734 

12,432 

Chemistry 

19,904 

18,799 

16,611 

Physical  sciences  n.e.c. 

459 

209 

128 

Mathematical  sciences 

20,375 

17.890 

13,889 

Environmental  sciences 

15,609 

13,964 

10,567 

Computer  sciences 

36,396 

29,042 

15,554 

Life  sciences 

66.046  (15.3%) 

61,114(16.3%) 

51.676(19.1%) 

Agriculmral  sciences 

11,609 

10,891 

8,907 

Biological  sciences 

54,437 

50,223 

42,769 

Social/behavioral  sciences 

139.644  (32.4%) 

110.868  (29.6%) 

77.464  (28.6%) 

Social  sciences 

85,824 

73,170 

50,272 

Psychology 

53,820 

37,698 

27,192 

Engineering 

118.047  (27.3%) 

108.292  (28.9%) 

71.823  (26.5%) 

SOURCE:  Calculated  from  Table  1  in  NSF,  1994a. 
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Non-US  Citizens 


Nearly  110,000  (25.3%)  science  and  engineering  graduate  students  were  not  US  citizens 
in  1992.  About  93,000  of  them  were  enrolled  full-time.  Their  distribution  among  fields  differed 
from  that  of  US-citizen  science  and  engineering  graduate  students.  Table  B-2  shows  the 
distribution  of  full-time  science  and  engineering  graduate  students  by  citizenship  and  broad  field 
in  1992.  Those  who  were  not  US  citizens  were  more  likely  to  be  studying  engineering  or  the 
physical  sciences  and  less  likely  to  be  in  life-science  or  social/behavioral-sciences  programs. 

As  a  result,  those  who  were  not  US  citizens  constituted  relatively  high  proportions  in 
some  fields — 46%  of  all  full-time  graduate  students  in  engineering  and  39%  of  those  in  the 
physical/mathematic  sciences — but  low  proportions  in  other  fields — 27  %  of  all  full-time  graduate 
students  in  the  life  sciences  and  17%  of  those  in  the  social/behavioral  sciences  or  psychology. 


TABLE  B-2  Distribution  of  US  and  Non-US  Citizens,  by  Broad  Field,  1992 

FuU-Time  Science  and  Engineering  Graduate  Student.  All  Institutions 
Field US  Citizen Non-US  Citizen 

TOTAL  198,198   (100.0%)  92,795   (100.0%) 

Physical/ 

mathematical  sciences  45,177   (22.8%)  28,983   (31.2%) 

Life  sciences  39,146(19.7%)  14,652(15.8%) 

Social/behavioral  sciences  73,661    (37.2%)  14,908   (16.1%) 

Engineering  40.214   (20.3%)  34,252   (36.9%) 


SOURCE:  Calculated  from  Tables  13  and  14  in  NSF,  1994a. 


239 


STATISTICS  ON  GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS 


Female  Graduate  Students 


In  1992,  more  than  150,000  (35%)  science  and  engineering  graduate  students  were 
women  (up  from  25%  in  1977).  As  Table  B-3  shows,  they  were  more  likely  to  be  enrolled  in 
the  life  sciences  or  the  social/behavioral  sciences  and  less  likely  to  be  in  the  physical  sciences 
or  engineering.  In  fact,  half  of  all  female  science  and  engineering  graduate  students  were  in 
social  sciences  and  psychology  programs. 

As  a  result,  the  majority  (54%)  of  graduate  students  in  the  social/behavioral  sciences 
were  women,  as  were  44%  of  those  in  the  life  sciences.  Only  15%  of  engineering  graduate 
students  and  27%  of  those  in  the  natural  (physical,  environmental,  mathematical,  and  computer) 
sciences  were  female. 


TABLE  B-3   Female  Science  and  Engineering  Graduate  Students,  by  Broad  Field,  1992 


Field 


Number 


Percentage 

Distribution         Percentage  of 

Across  Fields      All  Graduate  Students 


TOTAL 


150,411 


100.0 


34.8 


Physical/ 

mathematical  sciences 

28,719 

19.1 

26.6 

Life  sciences 

29,223 

19.4 

44.2 

Social/behavioral  sciences 

75,311 

50.1 

53.9 

Engineering 

17,158 

11.4 

14.5 

SOURCE:  Calculated  from  Table  8  in  NSF,  1994a. 
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Members  of  Underrepresented  Minorities 


Fewer  than  29,000  (9%)  of  science  and  engineering  graduate  students  who  were  US 
citizens  were  members  of  underrepresented  minorities — black,  Hispanic,  or  American  Indian. 
Compared  with  all  US-citizen  graduate  students,  they  were  much  more  likely  to  be  studying 
social/behavioral  sciences  (53  versus  37%)  and  substantially  less  likely  to  be  in  the  life  sciences 
(13%  versus  20%).  Members  of  underrepresented  minorities  constituted  13%  of  US  citizens  in 
the  social/behavioral  sciences  and  about  7%  of  those  in  the  other  broad  fields  (see  Table  B-4). 

TABLE  B-4   Members  of  Underrepresented  Minorities,  by  Broad  Field,  1992 


Field 


Number 


Percentage       Percentage  of 
Distribution     All  US-Citizen 
Across  Fields  Graduate  Students 


TOTAL 


28,866 


100.0% 


9.0 


Physical/math  sciences  4,917 

Life  sciences  3,615 

Social/behavioral  sciences  15,335 

Engineering  4,999 


17.0% 

6.7 

12.5% 

7.2 

53.1% 

12.6 

17.3% 

6.5 

SOURCE:  Calculated  from  Table  2  in  NSF,  1994a. 


Growth  Trends  in  FuU-Time  Graduate  Enrollment  Since  1982 


In  1992,  there  were  nearly  291,000  full-time  science  and  engineering  graduate  students, 
30.6%  more  than  in  1982.  The  growth  by  field  is  presented  in  the  first  column  of  Table  B-5. 
Much  of  the  net  growth  came  from  foreign  citizens;  as  overall  enrollment  was  increasing  by 
almost  2%  a  year,  foreign  enrollment  was  growing  by  more  than  5%  a  year  (NSB,  1993:50). 
The  second  and  third  columns  of  Table  B-5  compare  the  increases  in  full-time  science  and 
engineering  graduate  students  who  were  foreign  citizens  with  those  who  were  US  citizens  in 
1982-1992,  by  field. 

Enrollment  increases  were  also  driven  by  the  increased  participation  of  women — 3%  a 
year,  compared  with  1%  among  men,  during  the  1980s.  There  were  absolute  decreases  in  the 
number  of  male  graduate  students  in  the  life,  environmental,  and  social  sciences  and  psychology 
(NSB,  1993:53). 
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TABLE  B-5  Increases  in  FuU-Time  Graduate  Enrollment,  by  Field  and  Citizenship,  1982- 
1992  (percentages) 


Citizenship 


Field M Non-US US 

TOTAL  -1-30.6  -1-68.1  -1-18.4 


Physical/ 

mathematical  sciences 

+  33.7 

+90.6 

+  12.2 

Physical  sciences 

-^27.8 

+83.9 

+7.1 

Mathematical  sciences 

+35.5 

+47.8 

+28.6 

Environmental  sciences 

-2.5 

+63.3 

-13.6 

Computer  sciences 

+92.1 

+  170.3 

+50.4 

Life  sciences 

+  14.8 

+97.6 

-QJ 

Agricultural  sciences 

-6.2 

+  17.3 

-14.1 

Biological  sciences 

+20.4 

+  136.3 

+2.3 

Social/behavioral  sciences 

+26.2 

+32.4 

+25.1 

Social  sciences 

+22.1 

+30.1 

+  19.8 

Psychology 

+33.2 

+53.9 

+32.3 

Engineering 

+48.2 

+60.6 

+39.6 

SOURCES:  Calculated  from  Tables  13  and  14  in  NSF,  1994a  for  1992;  Table  B-5  in  NSF, 
1993a  for  1982. 


Growth  in  First- Year  and  Beyond-First- Year  Enrolhnents,  1982-1992 


The  NSF  survey  of  graduate  students  and  postdoctorates  in  science  and  engineering  fields 
began  to  collect  information  on  the  number  of  first-year  full-time  enrollments  in  1982.  The  data 
indicate  that  first-year  enrollments  increased  at  a  lower  rate  than  total  full-time  enrollments  until 
about  1989,  after  which  they  increased  more  rapidly  for  several  years.  During  1982-1992, 
first-year  enrollments  increased  by  17%  and  beyond-first-year  enrollments  by  37%  (Table  B-6). 
It  is  difficult  to  interpret  those  data.  Are  the  recent  large  increases  in  first-year  enrollments  the 
result  of  reports  in  the  middle  to  late  1980s  of  impending  shortfalls  in  the  number  of  PhDs  or 
the  tendency  of  more  college  graduates  to  go  to  graduate  school  when  economic  conditions  are 
poor?  Also,  how  much  of  the  higher  rate  of  growth  among  beyond-first-year  graduate  students 
until  recently  was  simply  the  manifestation  of  the  steadily  increasing  degree  requirements  among 
science  and  engineering  PhDs,  and  how  much  was  due  to  graduate  students'  deliberately 
delaying  completion  of  their  degrees  as  short-term  responses  to  poor  job-market  prospects? 
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TABLE  B-6     Trends  in  First- Year  and  Beyond-First- Year  Full-Time  Enrollments  in 
Doctorate-Granting  Institutions,  1982-1992 


Year 

First  Year 

Bevond  First  Year 

1982 

70,351 

152,419 

1983 

72,152  (2.6%) 

157,786  (3.5%) 

1984 

70,604  (-1.8%) 

160,986  (2.0%) 

1985 

71,395  (1.1%) 

163,100  (1.3%) 

1986 

73,167  (2.5%) 

169,941  (4.2%) 

1987 

71,255  (-2.6%) 

176,265  (3.7%) 

1988 

70,930  (-0.5%) 

180,036(2.1%) 

1989 

74,478  (5.0%) 

182,677  (1.5%) 

1990 

76,405  (2.6%) 

189,355  (3.7%) 

1991 

81,140  (6.2%) 

196,211  (3.6%) 

1992 

82,481  (1.7%) 

208,512  (6.3%) 

SOURCES:  Calculated  from  Tables  B-34  and  B-35  in  NSF,  1992a  for  1982;  Tables  B-24  and 
B-25  in  NSF,  1993a  for  1983-1994;  unpublished  NSF  Tables  for  1985-1992. 


Sources  and  Mechanisms  of  Financial  Support 


In  1992,  science  and  engineering  graduate  students  were  supported  in  a  number  of  ways 
by  a  variety  of  sources.  For  each  full-time  student,  the  NSF  survey  asks  for  the  "major"  (i.e., 
largest)  source  of  support  (e.g.,  federal,  institutional,  and  selO  and  the  type  (e.g.,  fellowship, 
and/or  research  assistantship).  Table  B-7  shows  that  the  sources  of  support  vary  considerably 
from  field  to  field.  Although  on  the  average  20%  of  full-time  science  and  engineering  graduate 
students  received  their  major  support  from  a  federal  source,  this  was  the  largest  source  of 
support  for  32%  of  graduate  students  in  biology  and  nearly  36%  of  graduate  students  in  the 
physical  sciences.  Only  7%  of  graduate  students  in  the  social  or  behavioral  sciences  and  10% 
of  those  in  the  mathematical  sciences  were  supported  primarily  by  federal  funds.  Nearly  two- 
thirds  of  mathematical  scientists  and  half  of  those  in  the  physical  sciences  received  their  major 
support  from  their  institutions  (mostly  in  the  form  of  research  and  teaching  assistantships),  but 
institutional  funds  were  also  an  important  source  of  graduate  support  in  the  other 
disciplines— between  32  and  45%.  "Own  funds"  (including,  however,  federally  guaranteed 
loans)  were  the  major  source  of  support  for  large  fractions  of  graduate  students  in  some 
fields — 46%  of  those  in  computer  science  and  40%  of  those  in  the  social  and  behavioral 
sciences — but  for  relatively  few  in  physics,  astronomy,  and  chemistry  (6%)  or  the  biological 
sciences  (13%).    Only  a  few  percent  received  foreign  support  (although  those  completing  the 
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survey  might  not  always  have  known  whether  those  funding  their  own  way — thus  classified  as 
self-supporting — were  receiving  foreign  support).  Finally,  about  7%  overall  were  receiving 
support  from  industry  and  domestic  sources  other  than  federal  and  institutional.  About  11%  of 
students  in  engineering  and  agricultural  science  were  receiving  such  support. 


TABLE  B-7   Sources  of  Major  Support  for  Full-Time  Science  and  Engineering  Graduate 
Students  in  Ail  Institutions,  by  Field,  1992 

Total                       Institu-     Other 
Field No, Federal      tional      US Foreign       Self 

TOTAL  290,993      20.0%      41.3%        6.9%        2.1%      29.7% 


Physical/ 

mathematical  sciences 

74.160 

25.0% 

47.0% 

5.8% 

1.6% 

20.6% 

Physical  sciences 

30,730 

35.7% 

50.0% 

7.0% 

1.1% 

6.4% 

Mathematical  sciences 

14,663 

10.2% 

65.1% 

2.4% 

2.0% 

20.3% 

Environmental  sciences 

11,150 

30.9% 

39.2% 

7.1% 

2.2% 

20.6% 

Computer  sciences 

17,617 

15.0% 

31.7% 

5.9% 

1.8% 

45.6% 

Life  sciences 

53,798 

31.8% 

43.4% 

7.9% 

2.3% 

14.5% 

Agricultural  sciences 

9,280 

21.1% 

38.7% 

11.5% 

6.2% 

22.5% 

Biological  sciences 

44,518 

34.0% 

44.4% 

7.2% 

1.5% 

12.9% 

Social/behavioral  sciences 

88.569 

7.0% 

42.0% 

3.5% 

1.7% 

45.7% 

Social  sciences 

54,183 

6.3% 

45.0% 

3.7% 

2.7% 

42.3% 

Psychology 

34,386 

8.1% 

37.4% 

3.2% 

0.2% 

51.1% 

Engineering 

74,466 

22.1% 

33.3% 

11.4% 

2.7% 

30.5% 

SOURCE:  Calculated  from  Table  11  in  NSF,  1994a. 
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The  pattern  of  sources  of  support  has  not  changed  much  over  the  last  10  years,  as  seen 
in  Table  B-8;  federal,  institutional,  and  other  US  sources  of  support  were  up  by  several 
percentage  points  each,  offsetting  relative  declines  in  foreign  and  own  sources  of  support. 


TABLE  B-8   Sources  of  Major  Support  for  Full-Time  Science  and  Engineering  Graduate 
Students,  1982  and  1992 

Total                       Institu-     Other 
Year No^ Federal      tional      US Foreign       Self 

1982  208,954    19.3%      41.5%      6.6%        4.0%  28.6% 

1992  290,993    20.0%      41.3%      6.9%        2.1%  29.7% 


SOURCES:  Calculated  from  Table  C-18  in  NSFa,  1992  for  1982;  and  Table  11  in  NSF,  1994a 
for  1992. 


The  sources  of  federal  support  for  full-time  science  and  engineering  graduate  students 
also  varied  by  field  (see  Table  B-9),  although  the  pattern  has  not  changed  since  1982  (compare 
NSF,  1992:  Table  C-18). 

National  Institutes  of  Health  (NIH)  NIH  is  the  primary  source  of  support  for  nearly  70% 
of  federally  supported  graduate  students  in  the  biological  sciences  and  also  accounts  for  one-third 
(34%)  of  federally  funded  graduate  students  in  psychology.  Overall,  NIH  is  the  major  source 
of  support  for  more  than  one-fourth  of  the  federally  supported  science  and  engineering  graduate 
students.    Other  Health  and  Human  Services  (DHHS)  agencies  pick  up  a  few  percent  more. 

United  States  Department  of  Agriculture  (USDA)  The  majority  (55%)  of  federally 
supported  agricultural-science  students  are  funded  by  USDA.  USDA  is  the  primary  supporter 
of  few  other  graduate  students  (a  little  more  than  5%  of  federally  funded  students). 

Department  of  Defense  (DoD)  Nearly  half  (45%)  of  those  with  major  federal  support  in 
the  computer  sciences  and  more  than  one-fourth  of  those  in  the  mathematical  sciences  are  funded 
by  DoD.  Overall,  DoD  is  the  major  source  of  support  for  15%  of  federally  funded  graduate 
students. 

National  Science  Foundation  (NSF)  Almost  one-third  of  the  graduate  students  in  physical 
sciences  who  receive  their  major  support  from  federal  sources  are  funded  by  NSF.  Overall, 
NSF  supports  more  than  a  one-fifth  of  the  federally  funded  graduate  students. 

Other  Other  federal  agencies  are  the  major  source  of  support  for  29%  of  federally 
supported  graduate  students,  especially  in  the  social  (44%)  and  enviroiunental  (44%)  sciences. 
The  only  fields  that  do  not  receive  much  support  from  other  federal  agencies  are  the  biological 
(8%)  and  the  computer  (14%)  sciences. 
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TABLE  B-9  Federal  Sources  of  Support  for  Full-Time  Science  and  Engineering  Graduate 
Students  in  All  Institutions,  by  Field  and  Agency,  1992 


Total 

Other 

Federal 

Field 

No. 

DoD 

NIH 

HHS 

NSF 

USDA    Sources 

TOTAL 

58,309 

15.0% 

25.6% 

2.2% 

22.7% 

5.4% 

29.1% 

Physical/ 

mathematical  sciences 

18.539 

17.5% 

12.1% 

0.8% 

34.2% 

1.0% 

34.4% 

Physical  sciences 

10,956 

10.8% 

18.6% 

1.2% 

32.9% 

0.6% 

35.9% 

Mathematical  sciences 

1,499 

25.8% 

4.1% 

0.5% 

30.5% 

1.7% 

37.6% 

Environmental  sciences 

3,449 

13.7% 

1.2% 

0.2% 

38.4% 

2.6% 

43.9% 

Computer  sciences 

2,635 

45.3% 

3.7% 

0.2% 

36.3% 

0.2% 

14.3% 

Life  sciences 

17.102 

1.5% 

61.9% 

2.8% 

8.3% 

12.8% 

12.7% 

Agricultural  sciences 

1,961 

0.9% 

1.5% 

0.1% 

4.3% 

55.0% 

38.2% 

Biological  sciences 

15,141 

1.5% 

69.8% 

3.1% 

8.8% 

7.3% 

9.4% 

Social/behavioral  sciences 

6.193 

5.9% 

19.9% 

9.1% 

14.7% 

6.7% 

43.8% 

Social  sciences 

3,408 

6.7% 

8.6% 

3.6% 

18.3% 

11.6% 

51.1% 

Psychology 

2,785 

4.8% 

33.7% 

15.7% 

10.2% 

0.7% 

34.9% 

Engineering 

16.475 

29.7% 

5.2% 

0.6% 

27.7% 

2.2% 

34.6% 

SOURCE:  Calculated  from  Table  1 1  in  NSF,  1994a. 


As  for  the  mechanisms  of  support  (including  nonfederal),  the  latest  detailed  data  by  field 
are  for  1991  (Table  B-10). 

Fellowships  Fellowships  are  awarded  to  individual  graduate  students  on  the  basis  of 
merit.  Table  B-10  shows  that  about  10%  of  the  259,000  full-time  science  and  engineering 
graduate  students  were  supported  by  fellowships  in  1991,  and  fellowship  support  was  spread 
fairly  evenly  across  the  disciplines  (about  one-fourth  of  the  fellowships  were  federally  funded). 

Traineeships  Traineeship  programs  are  competitively  awarded  to  universities,  which 
select  the  graduate  students  to  support.  About  4%  of  science  and  engineering  graduate  students 
were  trainees,  most  of  them  in  the  biological  sciences.  (About  60%  of  the  trainees  were 
federally  supported;  30%  were  institutionally  funded.) 

Research  Assistantships  About  30%  of  full-time  science  and  engineering  graduate 
students  were  supported  as  research  associates  on  research  grants  awarded  to  faculty  supervisors. 
The  proportion  varied  by  field.  Graduate  students  in  the  some  of  the  physical  sciences  and  the 
life  sciences  were  more  likely  to  be  research  associates;  those  in  the  mathematical  sciences  and 
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social  and  behavioral  sciences  were  less  likely.  (About  half  the  research  assistants  were 
supported  by  federal  funds  and  one-third  by  institutional  funds.) 

Teaching  Assistantships  More  than  one-fifth  (23%)  of  graduate  students  were  supported 
primarily  as  teaching  assistants.  Graduate  students  in  mathematics  and  in  the  physical  sciences 
were  especially  likely  to  be  teaching  assistants;  those  in  engineering  and  agricultural  sciences 
were  less  likely  than  average  to  have  teaching  assistantships. 

Other  Support  "Other  support"  includes  loans,  personal  funds,  and  tuition  payments  by 
industry  and  government  agencies.  It  accounts  for  more  than  a  third  (33  %)  of  graduate  students. 
It  was  especially  important  in  some  fields;  about  half  those  in  computer  science,  psychology,  and 
social  sciences  were  supported  other  than  by  fellowships,  traineeships,  and  research  or  teaching 
assistantships.  Graduate  students  in  biology  or  the  physical  sciences  were  less  likely  to  rely  on 
other  types  of  support. 


TABLE  B-10     Mechanisms  of  Major  Support  for  FuII-Time  Science  and  Engineering 
Graduate  Students  in  Doctorate-Granting  Institutions,  1991 


Research 

Teaching 

Other 

Total 

Fellow- 

Trainee- 

Assistant- 

Assistant- 

Types  of 

Field 

No. 

ships 

ships 

ships 

ships 

Support 

TOTAL 


259,484     9.6% 


3.9% 


30.4% 


23.3% 


32.8% 


Physical/ 

mathematical  sciences 

67.352 

8.6% 

1.8% 

31.0% 

36.3% 

22.3% 

Physical  sciences 

29,364 

9.1% 

2.6% 

41.0% 

38.9% 

8.4% 

Mathematical  sciences 

13,525 

9.9% 

1.6% 

9.4% 

55.2% 

23.9% 

Environmental  sciences 

9,880 

9.1% 

0.9% 

42.5% 

22.9% 

24.5% 

Computer  sciences 

14,583 

5.8% 

0.8% 

23.3% 

22.6% 

47.5% 

Life  sciences 

50.075 

10.3% 

10.3% 

42.6% 

18.1% 

18.6% 

Agricultural  sciences 

8,793 

4.9% 

0.9% 

55.4% 

9.0% 

29.9% 

Biological  sciences 

41,282 

11.5% 

12.3% 

39.9% 

20.1% 

16.2% 

Social/behavioral  sciences 

;  73.132 

11.3% 

3.8% 

14.0% 

21.9% 

49.0% 

Social  sciences 

47,080 

14.0% 

3.4% 

13.5% 

22.7% 

46.3% 

Psychology 

26,052 

6.4% 

4.4% 

14.8% 

20.5% 

53.8% 

Engineering 

68,925 

8.1% 

1.6% 

38.4% 

15.9% 

36.0% 

SOURCE:  Calculated  from  Tables  C-19  and  C-20  in  NSF,  1993a. 


247 


STATISTICS  ON  GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS 


Science  and  Engineering  Graduate  Students  in  Master's-Granting  Institutions 


In  1992,  nearly  57,000  science  and  engineering  graduate  students  were  in  institutions 
whose  highest  degree  is  the  master's.  Most  of  them  (65%)  were  enrolled  part-time.  Table  B-11 
gives  their  distribution  and  enrollment  status  by  field  and  compares  them  with  graduate  students 
at  doctorate-granting  institutions.  The  table  indicates  that  graduate  students  in  master's  degree 
institutions  were  much  more  likely  to  be  in  the  social  sciences  and  psychology  and  much  less 
likely  to  be  in  the  life  sciences.  In  fact,  26%  of  all  graduate  students  in  the  social  sciences  and 
psychology  were  in  master's-degree  institutions,  compared  with  1 1  %  of  the  remaining  science 
and  engineering  graduate  students. 


TABLE  B-11   Science  and  Engineering  Graduate  Students  in  Master's  Degree  Institutions 
and  Doctorate  Institutions,  by  Enrollment  Status  and  Field,  1992 


Field 


Master's-Granting  Institution 
All  Students      Full-Time 


Doctorate-Granting  Institution 
All  Students      Full-Time 


TOTAL 


56,832 


20,009 


374,781 


270,984 


Physical/ 

mathematical  sciences 

13.369  (24%) 

4.139(21%) 

94.507  (25%)    70.021  (26%) 

Physical  sciences 

1,885 

719 

33,611               30,011 

Mathematical  sciences 

2,485 

774 

17,890               13,889 

Environmental  sciences 

1,645 

583 

13,964               10,567 

Computer  sciences 

7,354 

2,063 

29,042                15,554 

Life  sciences 

4.932  (9%) 

2.122(11%) 

61.114(16%)    51.676(19%) 

Agricultural  sciences 

718 

373 

10,891                8,907 

Biological  sci 

4,214 

1,749 

50,223               42,769 

Social/behavioral  sciences 

28.776(51%) 

11.105  (56%) 

110.868  (30%)  77.464  (29%) 

Social  sciences 

12,654 

3,911 

73,170              50,272 

Psychology 

16,122 

7,194 

37,698               27,192 

Engineering 

9,755  (17%) 

2,643  (13%) 

108.292  (29%)  71.823  (27%) 

SOURCE:  Calculated  from  Tables  20  and  21  in  NSF,  1994a. 
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THE  INSTITUTIONS 


In  1991,  there  were  3,611  institutions  of  higher  education  in  the  United  States;  they 
enrolled  14  million  students  and  granted  1.9  million  degrees,  of  which  about  one-fourth 
(470,000)  were  in  science  and  engineering  fields  (NSB,  1993:38).  The  Carnegie  Foundation  for 
the  Advancement  of  Teaching  has  classified  those  institutions  into  categories  according  to  the 
size  of  their  bachelor's-degree  and  graduate  programs,  amount  of  research  funding,  and — for 
liberal-arts  colleges — selectivity  of  admissions.  Table  B-12  shows  how  many  institutions  were 
in  each  category  in  1991. 


TABLE  B-12   Number  of  Academic  Institutions  with  Science  and  Engineering  Programs, 
by  Highest  Degree  Level,  1991 


Carnegie  Foundation 
Category 


Science  and  Engineering  Program 


Bachelor's 


Master's 


Doctorate 


TOTAL 


1,448 


738 


299 


Research  I 

67 

Research  II 

34 

Doctorate-Granting  I 

46 

Doctorate-Granting  II 

56 

Comprehensive  I 

419 

Comprehensive  11 

167 

Liberal  Arts  I 

138 

Liberal  Arts  11 

389 

Two-Year 

20 

Specialized 

94 

Other 

15 

Not  classified 

3 

68 
34 
48 
57 
318 
50 
30 
42 

0 
69 
20 

2 


71 

34 

48 

53 

36 

1 

4 

0 

0 

38 

13 

1 


SOURCE:  Calculated  from  Appendix  Table  2-6  in  NSB,  1993. 
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Although  comprehensive  and  liberal-arts  institutions  were  the  majority  of  institutions 
granting  science  and  engineering  bachelor's  and  master's  degrees,  the  research  and  doctorate 
institutions  accounted  for  large  fractions  of  the  degrees  granted:  54%  of  all  science  and 
engineering  bachelor's  degrees  and  53%  of  the  master's  degrees.  Degree  production  is 
especially  concentrated  at  the  doctoral  level  (see  Table  B-I3):  nearly  two-thirds  of  the  science 
and  engineering  PhDs  awarded  in  1991  came  from  the  71  Research  I  universities,  four-fifths 
from  the  105  Research  I  and  II  universities;  and  nine-tenths  from  the  153  Research  I  and  II  and 
Doctorate  I  universities.  The  same  set  of  153  universities  also  receives  90%  of  all  academic 
R&D  funding  (NSB,  1993:40;  Appendix  Table  2-5). 


TABLE  B-13     Concentration  of  Science  and  Engineering  Degree  Awards  by  Type  of 
Institution,  1991 

Total  No.  and  Cumulative  Percentage  of  Science  and 
Carnegie  Foundation             Engineering  Degrees  Awarded 
Category Bachelors Masters Doctorate 


TOTAL 


337,675 


78,368 


23,979 


Research  I 

29.3 

37.6 

65.2 

Research  II 

39.1 

49.2 

79.5 

Doctorate-Granting  I 

47.2 

59.0 

89.4 

Doctorate-Granting  II 

53.7 

68.0 

94.7 

Comprehensive  I 

83.5 

91.4 

96.2 

Comprehensive  II 

87.0 

93.2 

96.2 

Liberal  Arts  I 

93.6 

94.3 

96.4 

Liberal  Arts  11 

97.7 

95.3 

96.4 

Two- Year 

97.9 

95.3 

96.4 

Specialized 

99.3 

98.1 

98.4 

Other 

99.9 

99.9 

99.9 

Not  classified 

100.0 

100.0 

100.0 

SOURCE:  Calculated  from  Appendix  Table  2-6  in  NSB,  1993. 
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The  105  Research  I  and  II  universities  produce  nearly  80%  of  the  science  and  engineering 
doctorates  awarded  each  year  (see  Table  B-14).  This  concentration  of  PhD  production  differs 
some  by  broad  field,  although  the  71  Research  I  institutions  accounted  for  at  least  the  majority 
of  PhDs  granted  in  each. 


TABLE  B-14  Concentration  of  80  Percent  of  Science  and  Engineering  PhD  Production  in 
the  105  Research  Universities,  by  Field,  1991 


Math& 

Social  & 

Carnegie  Foundation 

Natural 

Computer 

Behavioral 

Cateeorv 

Sciences 

Sciences 

Sciences 

Engineering 

TOTAL 


10,152 


1,837 


6,778 


5,212 


Research  I  (n=71) 
Research  II  (n=34) 


67.3% 
81.9% 


70.3% 
84.5% 


55.4% 
71.0% 


71.9% 
84.2% 


SOURCE:  Calculated  from  Appendix  Table  2-5  in  NSB,  1993. 


There  was  substantial  growth  in  the  number  of  institutions  with  graduate  degree  programs 
since  1961  (see  Table  B-15).  The  number  of  institutions  granting  doctorates  doubled  between 
1961  and  1991;  the  niunber  of  master's-degree  institutions  more  than  doubled. 


TABLE  B-15   Number  of  Institutions  by  Highest  Degree  Level  Since  1961,  by  Decade 


Year 


Highest  Degree  Granted 


Master's 


Doctorate 


1961 
1971 
1981 
1991 


189 
287 
361 
442 


153 
229 
293 
299 


SOURCE:  Calculated  from  Appendix  Table  5-1  in  NSB,  1985  for  1961-1981;  and  Appendix 
Table  2-6  in  NSB,  1993  for  1991. 
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SCIENCE  AND  ENGINEERING  MASTER'S  DEGREES 


Master's  Degrees  in  Science  and  Engineering 


The  number  of  master's  degrees  awarded  in  science  and  engineering  has  grown  every 
year  since  1966  except  in  the  1979-1981  period  (Table  1  in  NSF,  1994b).  In  1991,  over  78,000 
science  and  engineering  master's  degrees  were  awarded,  up  from  41,000  in  1966.  Science  and 
engineering  master's  degrees  were  29%  of  all  master's  degrees  awarded  in  1966,  a  percentage 
that  declined  to  less  than  21  in  1976,  increased  to  25%  in  1987,  and  fell  again  to  23%  in  1991. 

According  to  Table  B-16,  about  one-third  of  science  and  engineering  master's  degrees 
are  awarded  in  the  social  and  behavioral  sciences,  three-tenths  in  engineering,  one-fourth  in  the 
natural  sciences,  and  one-tenth  in  the  life  sciences  (NSF,  1994b).  (Compared  with  1966,  the 
social/behavioral  sciences  increased  their  share  by  almost  9  percentage  points,  gaining  5  points 
from  the  life,  sciences,  3  from  engineering,  and  1  from  the  natural  sciences.) 


TABLE  B-16  Science  and  Engineering  Master's  Degrees  Awarded,  by  Field,  1966-1991 


Field 

1966 

1971 

1976 

1981 

1986 

1991 

TOTAL 

41,059(100.0%) 

56,454 

65,007 

64,366 

71,831 

78^68(100.0%) 

Physical/ 

mathematical  sciences 

9,975  (24.3%) 

13.131 

11.927 

12.029 

17.124 

18,232  (23.3%) 

Physical  sciences 

4,275 

5.115 

3,880 

3,366 

3,649 

3,777 

Mathematical/ 

computer  sciences 

5,010 

6,789 

6,466 

6,787 

11,241 

12,956 

Environmental  sciences 

690 

1,227 

1,581 

1,876 

2,234 

1,499 

Life  sciences 

5.865  (14.3%) 

7.604 

9.223 

9,107 

8,027 

7.406(9.5%) 

Agriculmral  sciences 

1,641 

1,848 

2,602 

3,092 

2,983 

2,600 

Biological  sciences 

4,224 

5,756 

6,621 

6,015 

5,044 

4,806 

Social /behavioral  sciences 

11,514  (28.0%) 

19.352 

27,812 

26,779 

25.584 

28717  (36.6%) 

Social  sciences 

9,091 

14.914 

19.953 

18.740 

17,221 

18,915 

Psychology 

2,423 

4,438 

7.859 

8.039 

8,363 

9,802 

Engineering 

13.705  (33.4%) 

16,367 

16.045 

16.451 

21,096 

24.013  (30.6%) 

SOURCE:  Calculated  from  Table  1  in  NSF,  1994b. 
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Women 


Women  earned  13.3%  of  the  science  and  engineering  master's  degrees  in  1966,  a 
percentage  that  increased  steadily  to  nearly  36%  in  1991  (see  Table  B-17).  This  varied  by  field. 

The  number  of  science  and  engineering  master's  degrees  per  1,000  24-year-old  women 
in  the  US  population  increased  from  4  in  1966  to  15  in  1991  (NSF,  1994b:Table  57). 
Meanwhile,  the  number  going  to  men  went  from  more  than  30  per  1000  in  1969-1970  to  26  in 
1991  (after  reaching  a  high  of  32  in  1970  and  a  low  of  21  in  the  early  1980s).  Overall,  in  1991 , 
21  master's  degrees  in  science  and  engineering  were  awarded  for  every  1000  24-year-olds  in  the 
US  population,  up  from  15  in  1966. 


TABLE  B-17      Women  as  Percentage  of  Science  and  Engineering  Master's-Degree 
Recipients,  by  Field,  1991 


Field 


1966   1971    1976   1981    1986   1991 


TOTAL 


13.3 


18.3    23.1    29.3    32.3 


35.6 


Physical/ 

mathematical  sciences 

15.5 

19.3 

21.1 

24.3 

29.0 

31.3 

Physical  sciences 

11.4 

14.4 

15.6 

20.1 

25.0 

28.4 

Math/computer  sciences 

20.3 

24.9 

26.1 

27.2 

31.4 

32.8 

Environmental  sciences 

6.1 

9.5 

13.9 

21.6 

23.1 

25.6 

Life  sciences 

20.8 

27.1 

26.8 

33.4 

41.7 

46.3 

Agricultural  sciences 

4.4 

6.2 

14.1 

22.8 

31.2 

36.2 

Biological  sciences 

27.2 

33.8 

31.8 

38.9 

47.9 

51.8 

Social/behavioral  sciences 

22.8 

28.7 

34.0 

43.2 

48.9 

53.7 

Social  sciences 

20.2 

26.2 

29.0 

36.8 

41.2 

45.6 

Psychology 

32.9 

37.2 

46.7 

58.1 

64.9 

69.5 

Engineering 

0.6 

1.1 

3.5 

8.1 

11.4 

14.0 

SOURCE:  Calculated  from  Table  18  in  NSF,  1994b. 
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Underrepresented  Minorities 


NSF  has  collected  information  on  the  race,  ethnicity,  and  citizenship  of  master's  degree 
recipients  bieimially  since  1977.  Table  B-18  shows  that  the  proportion  of  science  and 
engineering  master's  degrees  awarded  to  members  of  underrepresented  minorities  (i.e.,  blacks, 
Hispanics,  and  American  Indians)  has  increased  slowly  in  the  natural  sciences  and  engineering, 
offset  by  declines  in  psychology  and  the  social  sciences,  fields  that  traditionally  have  registered 
the  largest  shares  of  underrepresented  minorities. 


TABLE  B-18    Members  of  Underrepresented  Minorities  as  Percentage  of  Science  and 
Engineering  Master's  Degree  Recipients,  by  Field,  1977-1991 

Field  1977         1981         1987         1991 

TOTAL  7.8  7.5  7.0  7.3 


Physical/ 

mathematical  sciences 

4.1 

3.7 

4.0 

4.4 

Physical/ 

environmental  sciences  3.4 

3.6 

3.7 

3.4 

Mathematical/ 

computer  sciences 

5.1 

4.5 

4.1 

5.3 

Life  sciences 

4.2 

4.4 

5.4 

5.3 

Agricultural  sciences 

3.5 

3.9 

4.2 

4.1 

Biological  sciences 

4.6 

4.8 

6.1 

6.0 

Social/ 

behavioral  sciences 

11.3 

11.1 

10.2 

11.1 

Social  sciences 

11.6 

11.7 

10.8 

11.7 

Psychology 

10.3 

8.4 

8.4 

9.1 

Engineering 

3.2 

14 

£5 

19 

SOURCE:  Calculated  from  Table  4  in  NSF,  1994c. 


Non-US  Citizens 


Non-US  citizens   with  temporary  visas  received   almost  20%   of  the  science  and 
engineering  master's  degrees  in  1991,  almost  double  their  share  in  1977  (see  Table  B-19).  Most 


92-585    95-9 
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were  in  physical  or  mathematical  science  and  engineering  programs,  where  they  constituted 
about  30%  of  all  master's-degree  students.  They  were  relatively  unlikely  to  be  in  social-science 
or  psychology  programs. 


TABLE  B-19   Science  and  Engineering  Master's  Degrees  Earned  by  Students  Who  Were 
Not  US  Citizens,  by  Field,  1977,  1985,  and  1991 


1977 

1985 

1991 

Field 

No. 

% 

No. 

% 

No.       % 

TOTAL 

8,282 

9.9 

13,256  16.3 

18,013  19.5 

Physical/ 

mathematical  sciences 

1.392 

11.8 

3,492 

22.1, 

5.382   29.5 

Physical/ 

environmental  sciences 

656 

12.3 

1.098 

18.9 

1,504  28.5 

Mathematical/ 

computer  sciences 

736 

11.3 

2,394 

24.0 

3,878  29.9 

Life  sciences 

1.141 

10.5 

1,080 

13.1 

1.352   18.2 

Agricultural  sciences 

664 

17.8 

606 

19.2 

603    23.0 

Biological  sciences 

477 

6.7 

474 

9.3 

749    15.6 

Social/ 

behavioral  sciences 

2.204 

LQ 

2.866 

8.0 

3.583   8.7 

Social  sciences 

2,033 

5.6 

2,570 

9.5 

3,270   10.3 

Psychology 

171 

2.1 

296 

3.5 

317    3.2 

Engineering 

3.545 

21.8 

5.818 

26.7 

7.692   30.5 

SOURCE:  Calculated  from  Table  4  in  NSF,  1994g. 
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SCIENCE  AND  ENGINEERING  DOCTORAL  DEGREES 


Doctorates  in  Science  and  Engineering 


The  number  of  science  and  engineering  PhDs  awarded  annually  tripled  between  1958  and 
1968  to  about  18,000.  Between  1968  and  1974,  the  number  leveled  off  or  fell  in  various  fields, 
although  the  aggregate  number  peaked  in  1971-1973  at  nearly  19,400  per  year,  and  fell  to  fewer 
than  18,000  per  year  by  1977,  where  it  remained  through  1981.  Table  B-20  shows  the  numbers 
of  science  and  engineering  PhDs  awarded  during  1983-1993  period. 


TABLE  B-20  Science  and  Engineering  Doctorates  Awarded,  by  Field,  1983-1993 

Field  1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993  ~ 

TOTAL  18.393       18.514       18.713       19.253       19,710      20.748      21.534      22.688      23.787      24.454      25.184 


Physical/ 

mathemaDcal  sciences 

4.426 

4.452 

4.531 

4,807 

5.030 

5.309 

5.455 

5.859 

6.279 

6,502 

6,496 

PhysicsyAslronomy 

1.043 

1,080 

1.080 

1,187 

1.237 

1.302 

1,274 

1.393 

1.411 

1,537 

1,543 

Chemistry 

1.759 

1,765 

1.836 

1,903 

1.975 

2.015 

1,970 

2.100 

2.193 

2,214 

2.139 

Mathematics 

701 

698 

688 

729 

740 

749 

859 

892 

1.039 

1,058 

1.146 

Computer/ 

infonnation  sciences 

286 

295 

310 

399 

450 

515 

612 

705 

800 

869 

878 

Environmentat  sciences 

637 

614 

617 

589 

628 

728 

740 

769 

836 

824 

790 

Life  sciences 

4.756 

4.877 

4.904 

4,804 

4,815 

5,127 

5,203 

5.503 

5,719 

5,861 

6,059 

Agncultural  sciences 

1.015 

997 

1,111 

997 

976 

1,015 

1,088 

1.176 

1,074 

1.063 

969 

Biological  sciences 

3.741 

3.880 

3,793 

3,807 

3,839 

4,112 

4,115 

4.327 

4,645 

4.798 

5,090 

Social/ 

behavioral  sciences 

6.430 

6.272 

6.112 

6.266 

6,153 

6,125 

6,333 

6.432 

6.574 

6.652 

6.933 

Social  sciences 

3.083 

3,015 

2.994 

3.140 

2,980 

3,051 

3.125 

3,150 

3.324 

3.388 

3.514 

Psychology 

3.347 

3.257 

3.118 

3.126 

3,173 

3,074 

3,208 

3,282 

3.250 

3,264 

3,419 

Engineenng 

2.781 

2.913 

3.166 

3.376 

3.712 

4,187 

4,543 

4.894 

5.215 

5,439 

5,696 

SOURCE:  Calculated  from  Table  1  in  NSF,  1994b. 


In  1982,  the  number  of  science  and  engineering  doctorates  awarded  annually  rose  above 
18,000  for  the  first  time  since  1976.  The  growth  rate  was  still  low— about  2%  per  year — until 
1988,  when  the  increase  was  more  than  5%  over  1987.  The  number  increased  by  around  3% 
per  year  from  1988  through  1993.  Table  B-21  shows  the  increases  from  1988  to  1993  by  field. 
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TABLE  B-21    Increases  in  Numbers  of  Science  and  Engineering  Doctorates  Awarded,  by 
Field,  1988-1993 


Increase 

Field 

1988 

1993 

No. 

Percentage 

TOTAL 

20,748 

25,184 

4,436 

21.4% 

Physical/ 

mathematical  sciences 

5,309 

6,496 

1,187 

22.4 

Physics/ Astronomy 

1,302 

1,543 

241 

18.5 

Chemistry 

2,015 

2,139 

124 

6.2 

Mathematics 

749 

1,146 

397 

53.0 

Computer  sciences 

515 

878 

363 

70.5 

Environmental  sciences 

728 

790 

62 

8.5 

Life  sciences 

5,127 

6,059 

932 

18.2 

Agricultural  sciences 

1,015 

969 

-46 

-4.5 

Biological  sciences 

4,112 

5,090 

978 

23.8 

Social/behavioral  sciences 

6,125 

6,933 

808 

13.2 

Social  sciences 

3,051 

3,514 

463 

15.2 

Psychology 

3,074 

3,419 

345 

11.2 

Engineering 

4,187 

5,696 

1,509 

36.0 

SOURCE:  Calculated  from  Table  1  in  NSF,  1994f. 
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Women 


The  number  of  women  awarded  science  and  engineering  PhDs  increased  from  4,624  in 
1983  to  7,537  in  1993,  or  63.0%.  As  a  result,  the  proportion  of  PhD  awards  to  women 
increased  from  25.1%  in  1983  to  29.9%  in  1993.  They  varied  from  field  to  field  (see  Table  B- 
22). 


TABLE  B-22  Women  as  a  Percentage  of  Science  and  Engineering  Doctorate  Recipients,  by 
Field,  1983-1993 


Field 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

TOTAL 

25.1 

25.4 

25.7 

26.4 

26.6 

26.9 

27.9 

27.8 

28.7 

28.6 

29.9 

Physical/ 

mathematical  science! 

;    13.9 

14.8 

15.8 

16.1 

16.5 

16.6 

18.9 

18.3 

IM 

19J 

20J 

Physics/Astronomy 

7.1 

7.3- 

9.4 

9.2 

9.7 

10.0 

9.3 

10.8 

11.1 

12.1 

12.6 

Chemistry 

16.9 

18.1 

19.7 

20.8 

20.6 

21.2 

25.3 

24.0 

23.6 

26.2 

27.3 

Mathematics 

16.1 

16.5 

15.4 

16.6 

16.9 

16.2 

18.0 

17.7 

19.2 

19.4 

23.0 

Computer  sciences 

12.6 

12.5 

10.6 

12.0 

14.4 

10.9 

17.6 

15.6 

14.6 

13.8 

15.6 

Environmental  sciences  15.2 

17.3 

18.0 

17.0 

18.2 

19.9 

20.3 

19.4 

22.1 

23.4 

20.8 

Life  sciences 

28.7 

27.6 

28.7 

30.2 

31.8 

3M 

34.0 

33J 

34.6 

35.2 

37.6 

Agricultural  sciences 

13.1 

13.3 

15.4 

17.3 

17.5 

18.3 

21.0 

21.0 

19.5 

21.9 

23.5 

Biological  sciences 

33.0 

31.3 

32.6 

33.6 

35.4 

36.6 

37.5 

37.3 

38.1 

38.2 

40.3 

Social/ 

behavioral  sciences 

39.1 

40.6 

40.8 

42.0 

42.8 

44.5 

44.8 

45.9 

48J 

47J. 

49.0 

Social  sciences 

29.8 

30.4 

31.7 

33.0 

31.4 

34.3 

33.2 

33.0 

36.3 

35.6 

37.1 

Psychology 

47.7 

50.1 

49.4 

51.2 

53.5 

54.7 

56.1 

58.3 

61.4 

59.1 

61.1 

Engineering 

U 

LI 

6J 

6J 

6A 

6J 

M 

8.5 

9^ 

2J. 

2J. 

SOURCE:  Calculated  from  Tables  1  and  2  in  NSF.  1994b. 


Women  earning  science  and  engineering  PhDs  were  concentrated  in  particular  fields.  In 
1993,  nearly  half  (45%)  were  in  the  social  and  behavioral  sciences,  and  30%  were  in  the  life 
sciences  (see  Table  B-23).  The  concentration  in  social  and  behavioral  sciences  was  reduced  over 
the  previous  10  years,  however,  as  more  awards  to  women  were  made  in  the  physical  and 
mathematical  sciences  and  engineering.  Overall,  the  shift  was  4.5  percentage  points  (to  nearly 
18%).  The  number  of  women  receiving  PhDs  in  the  physical  and  mathematical  sciences  more 
than  doubled  from  1983  to  1993  (from  617  to  1,344).  The  number  in  engineering  quadrupled 
(from  124  to  521),  but  fewer  than  7%  of  women  PhDs  were  in  engineering. 
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TABLE  B-23   Science  and  Engineering  Doctorates  Awarded  to  Women,  by  Field, 
1983  and  1993 


1983 

1993 

Field 

Number 

Percentage 

Number    Percentaee 

TOTAL 

4,624 

100.0 

7,537 

100.0 

Physical/ 

mathematical  sciences 

617 

13.3 

1.344 

17.8 

Physics/astronomy 

74 

1.6 

194 

2.6 

Chemistry 

297 

6.4 

585 

7.8 

Mathematics 

113 

2.4 

264 

3.5 

Computer  sciences 

36 

0.8 

137 

1.8 

Environmental  sciences 

97 

2.1 

164 

2.2 

Life  sciences 

1.366 

29.5 

2.278 

30.2 

Agricultural  sciences 

133 

2.9 

228 

3,0 

Biological  sciences 

1,233 

26.7 

2,050 

27.2 

Social/behavioral  sciences 

2.517 

54.4 

3.394 

45.0 

Social  sciences 

920 

19.9 

1,305 

17.3 

Psychology 

1,597 

34.5 

2,089 

27.7 

Engineering 

124 

2.7 

521 

6.9 

SOURCE:  Calculated  from  Table  2  in  NSF,  1994f. 
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The  percentage  of  science  and  engineering  doctorates  awarded  to  members  of 
underrepresented  minorities — American  Indians,  blacks,  and  Hispanics — has  been  very  low  and 
has  increased  slowly  (see  Table  B-24).  In  fact,  the  percentage  of  doctorates  received  by  black 
citizens  declined  during  the  last  half  of  the  1980s. 


TABLE  B-24    Members  of  Underrepresented  Minorities  as  a  Percentage  of  Science  and 
Engineering  Doctorate  Recipients,  by  Field,  1983,  1988,  and  1993 


1983 

1988 

1993 

Field 

No.     Percentage 

No.     Percentage 

No. 

Percentage 

All  US  Citizens 

13,403  100.0 

13,218  100.0 

14,708 

100.0 

Underrepresented 

547     4.1 

628     4.8 

843 

5.7 

Minorities 

American  Indian 

27     0.2 

41     0.3 

41 

0.3 

Black 

283     2.1 

260     2.0 

363 

2.5 

Hispanic 

237      1.8 

327     2.5 

439 

3.0 

SOURCE:  Calculated  from  Table  3  in  NSF,  1994f. 
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Non-US  Citizens 


In  1993,  more  than  8,000  science  and  engineering  PhDs  went  to  foreign  citizens  with 
temporary  visas — nearly  one-third  of  all  the  doctorates  awarded  by  US  universities  (see  Table 
B-25).  Only  18.5%  of  PhDs  awarded  in  1983  went  to  foreign  citizen  with  temporary  visas.  In 
1993,  they  received  just  under  half  of  the  new  doctorates  in  engineering,  up  from  42%  10  years 
earlier.  They  were  awarded  more  than  one-third  (36%)  of  the  PhDs  in  the  physical  and 
mathematical  sciences  and  more  than  one-fourth  (28%)  of  those  in  the  life  sciences. 


TABLE  B-25  Share  of  Science  and  Engineering  Doctorates  Earned  by  Students  Who  Were 
Not  US  Citizens,  by  Field,  1983  and  1993 


Field 


1983  Doctorates  Awarded 
All  Temporary  Visa 
No.      Percentage 


1993  Doctorates  Awarded 
All  Temporary  Visa 
No.      Percentage 


TOTAL 


18,393        3,400        18.5       25,184        8,087        32.1 


Physical/ 

mathematical  sciences 

4,426 

926 

20.9 

6.496 

2,363 

36.4 

Physics/astronomy 

1,043 

256 

24.5 

1,543 

583 

37.8 

Chemistry 

1,759 

283 

16.1 

2,139 

674 

31.5 

Mathematics 

701 

209 

29.8 

1,146 

517 

45.1 

Computer  sciences 

286 

72 

25.2 

878 

349 

39.7 

Environmental 

sciences 

637 

106 

16.6 

790 

240 

30.4 

Life  sciences 

4.756 

629 

13.2 

6.059 

1.694 

28.0 

Agriculmral  sciences 

1,015 

307 

30.2 

969 

448 

46.2 

Biological  sciences 

3,741 

322 

8.6 

5,090 

1,246 

24.5 

Social/ 

behavioral  sciences 

6.430 

675 

10.5 

6.933 

1.247 

18.0 

Social  sciences 

3,083 

596 

19.3 

3,514 

1.099 

31.3 

Psychology 

3,347 

79 

2.4 

3,419 

148 

4.3 

Engineering 

2.781 

1.170 

42.1 

5.696 

2.783 

48.9 

SOURCE:  Calculated  from  Table  4  in  NSF,  1994f. 
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The  number  of  non-US  citizens  with  temporary  visas  increased  138%  over  a 
decade— from  3,400  in  1983  to  8,087  in  1993  (Table  B-26).  That  increase  was  greater  in  the 
physical  and  mathematical  sciences  and  in  the  life  sciences.  The  rate  of  growth  was  lower  than 
average  in  the  social  and  behavioral  sciences. 


TABLE  B-26  Increase  in  Science  and  Engineering  Doctorates  Awarded  to  Non-US  Citizens 
with  Temporary  Visas,  by  Field,  1983  and  1993 


Field 


1983 


1993 


Difference 
No. Percentage 


TOTAL 


3,400        8,087        4,687        137.9 


Physical/ 

mathematical  sciences 
Physics/astronomy 
Chemistry 
Mathematics 
Computer  sciences 
Environmental  sciences 

Life  sciences 
Agricultural  sciences 
Biological  sciences 

Social/ 

behavioral  sciences 
Social  sciences 
Psychology 

Engineering 


926 

2.363 

1,437 

155.2 

256 

583 

327 

127.7 

283 

674 

391 

138.2 

209 

517 

308 

147.4 

72 

349 

277 

384.7 

106 

240 

134 

126.4 

629 

1.694 

1,065 

169.3 

307 

448 

141 

45.9 

322 

1,246 

924 

287.0 

675 

1.247 

572 

84.7 

596 

1,099 

503 

84.4 

79 

148 

69 

87.3 

1.170 

2.783 

1,613 

137.9 

SOURCE:  Calculated  from  Table  4  in  NSF,  1994f. 


Table  B-27  shows  the  distribution  of  foreign  citizens  with  temporary  visas,  by  field.  In 
1993,  roughly  one-third  were  in  engineering,  and  another  one-third  were  in  the 
physical/mathematical  sciences.  Around  15-20%  were  in  each  of  the  life  sciences  and  the  social 
sciences.  Compared  with  1983,  temporary-visa  holders  moved  away  from  the  social  sciences 
(by  about  4.5  percentage  points)  and  into  the  physical/mathematical  sciences  (by  about  2  points) 
aiKi  the  life  sciences  (by  about  2.5  points). 
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TABLE  B-27     Science  and  Engineering  Doctorates  Awarded  to  Non-US  Citizens  with 
Temporary  Visas,  by  Field,  1983  and  1993 

Field  1983  1993 

TOTAL  3,400  8,087 

Physical/mathematical  sciences  27.2%  29.2% 

Physics/astronomy 

Chemistry 

Mathematics 

Computer  sciences 

Environmental  sciences 
Life  sciences 

Agricultural  sciences 

Biological  sciences 
Social/behavioral  sciences 

Social  sciences 

Psychology 
Engineering 

SOURCE:  Calculated  from  Table  4  in  NSF,  1994f. 


7.5% 

7.2% 

8.3% 

8.3% 

6.1% 

6.4% 

2.1% 

4.3% 

3.1% 

3.0% 

18.5% 

20.9% 

9.0% 

5.5% 

9.5% 

15.4% 

19.9% 

15.4% 

17.5% 

13.6% 

2.3% 

1.8% 

34.4% 

34.1% 
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The  country  of  origin  of  temporary- visa  holders  shifted  during  the  1980s  (see  Table  B- 
28).  Citizens  from  eastern  Asia  increased  their  share  of  science  and  engineering  PhDs  awarded 
to  temporary-visa  holders  from  one-fourth  to  more  than  a  half.  Nearly  all  this  increase  was 
accounted  for  by  students  from  the  People's  Republic  of  China,  who  increased  their  share  from 
near  zero  in  1982  to  22%  of  all  the  science  and  engineering  PhDs  earned  by  temporary-visa 
holders  in  1992. 


TABLE  B-28    Region  and  Country  of  Origin  of  Foreign  Citizens  with  Temporary  Visas 
Earning  Science  and  Engineering  PhDs,  1983  and  1993 

Country  1983  1993 

TOTAL  3,400  (100.0%)       8,087  (100.0%) 


East  Asia 

958   (28.2%) 

4,335   (53.6%) 

Taiwan 

438   (12.9%) 

1,055   (13.0%) 

PRC 

3     (0.1%) 

1,745   (21,6%) 

Korea 

136    (4.0%) 

1,027    (12.7%) 

West  Asia 

935    (27.5%) 

1.538    (19.0%) 

India 

308     (9.1%) 

789     (9.8%) 

Africa 

385   (11.3%) 

374     (4.6%) 

Europe 

314     (9.2%) 

838   (10.4%) 

Other 

808   (23.8%) 

1,002   (12.4%) 

SOURCE:  Calculated  from  Table  5  in  NSF,  1994f. 


The  annual  reports  of  the  Survey  of  Earned  Doctorates  conducted  by  the  National 
Research  Council  for  NSF  have  documented  a  substantial  increase  since  1970  in  the  time  it  has 
taken  to  obtain  a  PhD,  whether  measured  in  years  since  the  bachelor's  degree  or  in  years 
registered  in  graduate  school.  According  to  these  reports,  which  calculate  the  median  time-to- 
degree  (TTD)  of  all  those  obtaining  PhDs  each  year,  the  figure  has  increased  by  about  30%  over 
the  last  20  years. 

According  to  the  latest  report  of  the  Survey  of  Earned  Doctorates,  total  TTD  (years  from 
bachelor's  degree  to  doctorate),  or  TTTD,  went  up  by  29.6%  from  1967  to  1993,  from  8.1  to 
10.5  years  (Table  B-29).  The  trend  in  registered  time-to-degree  (RTTD)  was  similar — 31.5% 
(from  5.4  to  7. 1  years).  However,  1967  was  near  the  postwar  total-TTD  low  of  8  years  reached 
in  1970.  TTTD  increased  for  decades  (from  7  years  in  1920  to  9  in  1962),  fell  during  the  1960s 
to  the  low  of  8  years  in  1970,  and  then  resumed  its  upward  trend  after  1970  (Bowen  and 
Rudenstine,  1992:Figure  6.3). 
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Those  figures  are  for  all  PhDs  in  all  fields,  including  humanities,  education,  and  the 
professional  (which  have  had  the  highest  TTDs  historically).  The  patterns  vary  widely  by  field, 
even  within  the  sciences  and  engineering.  Engineering  and  physical  sciences  have  always  had 
shorter  than  average  completion  times;  social  sciences,  longer. 

The  increase  in  TTD  has  slowed  considerably  since  about  1987,  even  though  the 
recession  of  the  early  1990s  might  have  increased  the  incentive  to  stay  in  school  a  year  or  two 
longer. 


TABLE  B-29  Median  Total  Time-to-Degree  for  Doctorate  Recipients,  1962-1993  (selected 
years) 


Field 

1962 

1967 

1972 

1977 

1982 

1987 

1992 

1993 

All  fields 

(including  humanities) 

Registered 

5.4 

5.4 

5.7 

6.1 

6.5 

6.9 

7.1 

7.1 

Total 

8.8 

8.1 

8.2 

8.7 

9.6 

10.4 

10.5 

10.5 

All  Science  and  Engineering 

Registered 

6.4 

6.7 

6.7 

Total 

8.6 

9.1 

9.2 

Physical  sciences 

Registered 

5.1 

5.1 

5.6 

5.7 

5.8 

6.0 

6.5 

6.5 

Total 

6.5 

6.0 

6.5 

6.9 

6.9 

7.4 

8.1 

8.3 

Life  sciences 

Registered 

5.3 

5.4 

5.5 

5.7 

6.0 

6.5 

6.7 

6.8 

Total 

7.8 

7.2 

7.0 

7.3 

7.6 

8.8 

9.4 

9.4 

Social  sciences 

Registered 

5.4 

5.2 

5.6 

5.9 

6.7 

7.2 

7.5 

7.4 

Total 

9.0 

7.7 

7.5 

8.0 

9.2 

10.4 

10.6 

10.4 

Engineering 

Registered 

5.0 

5.2 

5.5 

5.6 

5.7 

5.8 

6.2 

6.3 

Total 

7.1 

7.2 

7.5 

7.5 

8.0 

8.1 

8.7 

8.8 

SOURCE:  Calculated  from  Table  6  in  NRC,  1995. 


In  conducting  the  research  for  their  recent  book  In  Pursuit  of  the  PhD,  Bowen  and 
Rudenstine  (1992: 1 13-1 19),  noticed  that  TTD  figures  were  lower  for  their  sample  of  10  schools. 
They  consulted  demographers  who  suggested  a  different  method  for  determining  TTD  that 
should  be  more  accurate.     The  method  used  by  the  Office  of  Scientific  and  Engineering 
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Personnel  (OSEP)  and  others  detennines  the  median  number  of  TTD  years  for  all  those 
receiving  their  doctorates  in  a  particular  year.  The  demographers  pointed  out  that  this  permits 
a  bias  if  the  cohorts  entering  graduate  school  are  increasing  or  decreasing  in  size  over  time. 
Each  entering  class  of  PhD  candidates  has  some  fast  finishers  and  some  slow  finishers.  In  a 
period  such  as  the  late  1950s  and  1960s,  when  the  number  entering  PhD  programs  was  growing 
every  year,  the  proportion  of  fast  finishers  showing  up  for  their  degrees  a  few  years  later 
increased  and  made  the  decreases  in  TTD  larger  than  they  would  have  been  if  cohorts  had  been 
steady.  Similarly,  when  cohort  sizes  decrease,  as  they  did  in  1974-1984,  the  proportion  of  fast 
finishers  getting  their  degrees  a  few  years  later  goes  down,  increasing  the  apparent  TTD.  More 
recently,  enrollments  have  gone  up  again,  and  that  accounts  for  at  least  part  of  the  decrease  in 
TTD  medians  in  the  past  several  years. 

Bowen  and  Rudenstine  corrected  for  that  bias  by  calculating  average  TTD  of  entering 
cohort,  rather  than  graduating  cohort.  They  asked,  how  long  on  the  average,  did  it  take  those 
entering  a  PhD  program  (or  getting  their  bachelor's  degrees  in  year  X  to  get  their  doctorates? 
They  found  that  use  of  the  entering-cohort  method  gave  an  increase  in  TTD  of  about  10%  over 
the  preceding  15-20  years,  not  30%.  They  admitted  that  any  lengthening  in  the  already-long 
TTD  is  a  serious  problem  but  said  that  its  magnitude  and  newness  had  been  exaggerated. 

A  study  of  TTD  by  staff  of  OSEP  reviewed  the  literature  on  the  causes  of  increasing 
TTD  (Tuckman,  et  al.,  1990).  They  found  that  earlier  studies  had  looked  at  sociological, 
demographic,  economic,  and  instimtional  factors,  although  few  had  looked  at  them  all  and 
undertaken  a  causal  analysis.  They  developed  a  model  of  TTD  with  five  vectors  of  variables: 
family  background  characteristics,  individual  abilities  and  interests,  tuition  and  financial  aid, 
institutional  environment  and  policies,  and  economic  and  social  forces.  They  tested  the  model 
in  1 1  fields  using  data  from  the  Survey  of  Earned  Doctorates  and  found  a  variety  of  factors  that 
affected  registered  time-to-degree  (RTTD)  or  total  time-to-degree  (TTTD),  including  the 
availability  and  form  of  smdent  support,  labor-market  conditions,  sociodemographic 
characteristics  of  the  doctorate  recipients,  and  characteristics  of  the  undergraduate  and  graduate 
institutions.  Yet  no  factor  or  set  of  factors  consistently  explained  the  general  upward  trend  in 
TTD.  That  might  be  because  TTD  is  poorly  measured  (the  study  was  based  on  the  graduating, 
rather  than  the  entering,  cohort),  or  because  the  data  are  inadequate.  They  are  aggregate  data, 
and  some  measure  the  variables  of  interest  only  indirectly;  other  variables,  such  as  increasing 
complexity  of  subject  matter  or  the  incentive  for  faculty  to  keep  students  longer  as  cheap  labor 
on  research  projects,  are  not  measured  at  all. 

As  for  negative  consequences,  the  following  have  been  mentioned  (Tuckman,  et  al., 
1990): 


•  The  increasing  time  spent  in  graduate  school  increases  the  time  it  takes  for  the 
supply  of  PhDs  to  respond  to  shifts  in  market  demand,  and  that  has  both  social  and  individual 
costs  (if  demand  goes  up,  there  are  not  enough  qualified  people;  if  it  falls,  highly  capable  people 
cannot  be  employed  in  their  field  of  training). 
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•  Increasing  TTD  will  discourage  some  highly  qualified  candidates  from  staying  in 
science  (perhaps  some  of  the  most  qualified  students,  who  can  more  easily  find  attractive 
alternatives). 

•  Delayed  start  of  career  reduces  the  total  years  of  productivity  for  society  and  the 
return  on  investment  for  the  individual. 


Bowen  and  Rudenstine  (1992)  also  studied  the  effects  of  financial  support  in  some  detail 
in  their  10-school  sample.  They  found  that  it  mattered.  Students  who  received  financial  aid  had 
much  higher  completion  rates  and  shorter  TTD  than  smdents  who  relied  on  their  own  resources. 
In  the  sciences,  the  form  of  the  aid  had  an  effect  on  completion  and  TTD;  research  assistantships 
had  the  best  effect,  fellowships  a  close  second,  and  teaching  assistantships  the  worst  effect.  They 
also  found  that  the  NSF  fellowship  program  had  been  very  successful  in  reducing  median  TTD 
(4.9  years  versus  5.6  years  for  those  who  were  not  NSF  fellows  in  an  eight-university  group). 
Interpreting  such  findings  is  problematic,  however.  Did  the  NSF  fellows  finish  earlier  because 
of  the  fellowship  form  of  support  itself  or  because  they  were  selected  through  a  rigorous  process 
that  selected  more-motivated  students? 

In  conclusion,  both  RTTD  and  TTTD  have  been  increasing  for  a  long  time,  with  the 
exception  of  the  1960s.  Presumably,  the  increases  are  caused  in  part  by  the  increasing 
complexity  of  knowledge  and  techniques  to  be  mastered  in  doctorate  programs  and  in  part  by 
less-desirable  or  less-excusable  reasons  (e.g.,  an  increase  in  tuition  costs  and  a  decrease  in 
federal  aid,  which  force  students  to  work  more  during  graduate  school,  or  a  desire  of  faculty  to 
keep  students  working  on  research  projects).  They  are  also  caused  in  part  by  the  increasing 
participation  of  women  and  minority-group  members,  who  generally  have  longer  TTDs. 

According  to  Bowen  and  Rudenstine,  having  outside  aid  does  improve  completion  and 
TTD  rates.  The  form  of  the  aid — fellowships,  research  assistantships,  or  teaching 
assistantships — might  have  little  independent  effect. 


Source  of  Support 


The  Survey  of  Earned  Doctorates  (SED)  administered  yearly  by  OSEP  for  NSF  asks  new 
PhDs  to  list  their  primary  source  of  support  during  graduate  school.  The  data  for  1993  are 
displayed  in  Table  B-30.  It  should  be  noted,  however,  that  the  nonresponse  rate  to  this  question 
was  34%,  for  unknown  reasons  (it  was  23%  in  1991,  and  30%  in  1992).  It  also  should  be  noted 
that  federally  funded  research  assistantships  are  listed  with  other  research  assistantships  under 
"university"  because  students  often  do  not  know  the  source  of  support  for  their  research 
assistantships.  Federal  loans  are  listed  under  "personal. "  "Other"  includes  national  fellowships, 
employer  funds,  and  support  from  foreign  governments,  state  governments,  and  other 
nonspecified  sources.  The  "life  sciences"  include  "health  science"  PhDs  as  well  as  the  biological 
and  agricultural  scientists  listed  in  the  other  tables  in  this  appendix. 
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A  brief  analysis  of  the  table  shows  that  a  relatively  large  percentage  of  the  PhD  recipients 
in  social  sciences  are  self-supporting — nearly  half,  compared  with  10-15%  of  those  in  the 
physical  sciences  and  engineering  and  a  fifth  of  those  in  the  life  sciences. 

PhDs  in  the  life  sciences  receive  the  most  direct  federal  support,  probably  resulting  from 
the  large  fellowship  and  traineeship  programs  of  the  National  Institutes  of  Health. 

Most  PhDs  in  the  physical  sciences  and  engineering,  and  to  a  lesser  extent  the  life 
sciences,  receive  their  primary  support  from  their  universities.  That  includes  federally  funded 
research  assistantships,  as  well  as  other  research  and  teaching  assistantships. 


TABLE  B-30     Primary  Sources  of  Support   for  Science  and   Engineering   Doctorate 
Recipients,  by  Broad  Field,  1993  (percentages) 

Field Personal      University   Federal        Other 

TOTAL  23.8  61.4  7.5  7.3 


Physical  sciences 

12.1 

77.9 

4.5 

5.4 

Life  sciences 

21.4 

56.8 

14.4 

7.4 

Social  sciences 

47.8 

41.6 

5.0 

5.6 

Engineering 

14.7 

69.3 

4.9 

11.1 

SOURCE:  Calculated  from  Table  11  in  NRC,  1995. 


POSTDOCTORATE  EMPLOYMENT  PLANS 


According  to  the  SED,  among  new  science  and  engineering  PhDs  who  had  definite 
postgraduation  plans,  the  percentage  planning  to  work  in  academe  (college  or  university)  was 
48%  in  the  early  1960s  (NRC,  1978:Table  30).  That  figure  increased  to  57.0%  in  1970  before 
falling  steadily  to  44. 1  %  in  1980  (NSF,  1993b:Table  15)  and  40.4%  in  1993  (NSF,  1994f: Table 
7).  Meanwhile,  the  proportion  of  new  science  and  engineering  PhDs  going  to  business  and 
industry  grew  from  about  22%  in  the  1960s  to  26.5%  in  1970  and  36.2%  in  1993. 

Note  that  Table  B-31  does  not  include  those  with  definite  plans  for  postdoctoral  study  in 
the  United  States,  almost  all  at  universities.  These  numbered  2,789  in  1970,  3,571  in  1980, 
4,676  in  1990,  and  5,739  in  1993  (NSF,  1993b:Table  15,  1994f: Table  7). 

It  also  should  be  noted  that  the  percentage  of  science  and  engineering  PhDs  who  had 
definite  plans  at  the  time  of  the  SED  survey  fell  from  76.6%  in  1970  to  72.0%  in  1980,  64.0% 
in  1990,  and  60.1%  in  1993  (NSF,  1993b:Table  15,  1994f: Table  7). 
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TABLE  B-31     Science  and  Engineering  PhD  Recipients  with  Definite  Postgraduation 
Commitments  in  the  United  States,  by  Field  and  Type  of  Employer,  1970-1991 


1970 

1975 

1980 

1985 

1990 

1991 

Field 

No. 

PercentaEe 

No. 

Percentage 

TOTAL 

9,216 

100,0 

8,187 

7.285 

6,614 

7,175 

7.403 

100.0 

College/university 

5,263 

57.1 

4,287 

3.228 

2,851 

2.952 

3.099 

41.9 

Elementary/ 

secondary  school 

44 

0.5 

99 

113 

95 

81 

111 

1.5 

Government 

1,015 

11.0 

1.365 

1.142 

885 

871 

890 

12.0 

Nonprofit 

organtzalion 

408 

4.4 

443 

537 

502 

493 

492 

6.6 

Industry /business 

2,399 

26.0 

1.886 

2.139 

2,099 

2.452 

2.488 

33.6 

Self-employed 

48 

0.5 

71 

101 

145 

240 

229 

3.1 

Other  and  unknown 

39 

0.4 

36 

25 

37 

86 

94 

1.3 

SOURCE:  Calculated  from  Table  5  in  NSF,  1993b. 
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POSTDOCTORAL  STUDY  TRENDS 

TABLE  B-32  Postdoctoral  Study  Plans  of  Recipients  of  Science  and  Engineering  Doctorates 
from  US  Universities,  1985-1992 

PhD  Recipients                1985         1987         1988        1989        1990  1991  1992 

TOTAL                    19,164    20,203     21,411      22,294    23,440  24,543  25,248 

Postdoctoral  plans         5,941      6,728       7,216        7,268      8,087  8,811  9,316 

Fellowship                   49.0%     48.0%      48.7%       49.7%     49.0%  49.9%  50.7% 

Research  associate      41.3%     42.9%     43.0%      40.5%     41.7%  41.5%  41.2% 

Traineeship                  4.5%       3.6%        3.9%        4.0%      4.1%  3.9%  3.3% 

Other                            5.2%       5.1%       4.4%        5.5%      4.9%  5.0%  5.1% 

SOURCE;  Calculated  from  Appendix  Table  A-3  in  NRC,  1993. 


TABLE  B-33  Postdoctoral  Study  Plans  of  Recipients  of  Science  and  Engineering  Doctorates 
from  US  Universities,  by  Field,  1992 


Total 

Physical 

Engi- 

Life 

Social 

Science  and 

PhD  Recipients 

Sciences 

neering 

Sciences 

Sciences 

Eneineerine 

TOTAL 

6,498 

5,437 

7,108 

6,205 

25,248 

Postdoctoral  plans 

3,022 

1,202 

4,066 

1,036 

9,316 

Fellowship 

53.1% 

34.4% 

57.5% 

64.7% 

50.7% 

Research  associate 

42.8% 

58.8% 

32.3% 

19.2% 

41.2% 

Traineeship 

2.2% 

4.1% 

2.6% 

9.6% 

3.3% 

Other 

1.9% 

3.2% 

7.7% 

6.6% 

5.1% 

SOURCE:  Calculated  from  Appendix  Table  A-3  in  NRC,  1993. 
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TABLE  B-34    Science  and  Engineering  Postdoctoral  Appointees  in  Doctorate-Granting 
Institutions,  by  Field,  1982-1992 


All  Science  and 

Engineering  14,672       15,657    16,168      16,920      17,901     18.760      19,759      20,962      21,604    23,018      24,024 

Science,  Total       13,694      14,556    14,974      15,573      16.505    17,319      18,075      19,054      19.661    20,781      21,680 
Physical 


sciences 

4,281 

4,444 

4,386 

4.517 

4,843 

4,953 

5.187 

5.355 

5.507 

5.623 

5.772 

Physics 

1,326 

1,350 

1,320 

1.342 

1,527 

1,548 

1.578 

1.678 

1,715 

1.763 

1.954 

Chemistry 

2,805 

2.973 

2,906 

2.995 

3,151 

3,246 

3.429 

3.462 

3,580 

3.627 

3.573 

Environmental 

sciences 

335 

415 

488 

375 

417 

420 

499 

459 

605 

645 

709 

Mathematical 

sciences 

194 

170 

203 

226 

201 

228 

280 

223 

247 

206 

201 

Computer 

sciences 

45 

82 

63 

74 

74 

100 

91 

78 

71 

157 

149 

Agricultural 

sciences 

279 

307 

375 

373 

409 

441 

454 

512 

529 

574 

634 

Biological 

sciences 

7,756 

8.355 

8,707 

9.164 

9,722 

10,346 

10.752 

11.518 

1 1 ,799 

12.648 

13.287 

Psychology 

520 

435 

422 

495 

517 

454 

493 

535 

457 

503 

521 

Social 

sciences 

283 

348 

330 

349 

322 

377 

319 

374 

446 

425 

407 

Engineering.  Total  978  1.101  1.194  1,347  1,396  1.441  1.684  1.908  1.943  2,237  2,344 
Chemical 

engineering  174  198  245  273  295  309  423  466  551  578  554 

Materials  166  204  168  245  250  283  325  323  370  401  458 

Mechanical  130  182  196  207  239  216  216  302  218  329  355 

Electrical  176  174  171  176  172  175  186  193  241  300  307 


SOURCE:  Calculated  from  Table  C-25  in  NSF,  1992a;  and.  for  1991  and  1992.  NSF.  unpublished  ubies. 
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TABLE  B-35    Trends  in  Net  Growth  of  Science  and  Engineering  Postdoctoral  Appointee 
Positions  in  Doctorate-Granting  Institutions,  by  Field,  1982  and  1992 


Percentage  Distribution  of 

Postdoctoral  Positions 

Growth, 

1982-1992 

Among  All  Fields 

Field 

1982 

1992 

Difference  Percentage 

1982 

1992 

All  Science  and 

Engineering 

14,672 

24,024 

9,352 

63.7 

100.0 

100.0 

Science,  Total 

13,694 

21,680 

7,986 

58.3 

93.3 

90.2 

Physical  sciences 

4,281 

5,772 

1,491 

34.8 

29.2 

24.0 

Physics 

1,326 

1,954 

628 

47.4 

9.0 

8.1 

Chemistry 

2,805 

3,573 

768 

27.4 

19.1 

14.9 

Environmental 

sciences 

335 

709 

374 

111.6 

2.3 

3.0 

Mathematical 

sciences 

194 

201 

7 

3.6 

1.3 

0.8 

Computer 

sciences 

46 

149 

103 

223.9 

0.3 

0.6 

Agricultural 

sciences 

279 

634 

355 

127.2 

1.9 

2.6 

Biological 

sciences 

7,756 

13,287 

5,531 

71.3 

52.9 

55.3 

Psychology 

520 

521 

1 

0.2 

3.5 

2.2 

Social  sciences 

283 

407 

124 

43.8 

1.9 

1.7 

Engineering,  Total 

978 

2,344 

1,366 

139.7 

6.7 

9.8 

Chemical 

engineering 

174 

554 

380 

218.4 

1.2 

2.3 

Materials 

166 

458 

292 

175.9 

1.1 

1.9 

Mechanical 

130 

355 

225 

173.1 

0.9 

1.5 

Electrical 

176 

307 

124 

74.4 

1.2 

1.3 

SOURCE:  Calculated  from  Table  C-25  in  NSF,    1992a;  and,  for  1991  and   1992,  NSF, 
unpublished  tables. 
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TABLE  B-36    Appointments  of  Postdoctoral  Scientists  and  Engineers  Who  Were  Not  US 
Citizens  in  Doctorate-Granting  Institutions,  by  Field,  1982  and  1992 


Percentage  of  All 

PercenUge  of  All  Non-US 

Growth. 

1982-1992 

Postdocs 

within  Field 

Science  and  Engineering  Postdocs 

Field 

1982 

1992    Difference 

Percentage 

1982 

1992 

1982 

1992 

All  Science  and 

Engineering 

5.961 

12.627 

6,666 

111.8 

40.6 

52.6 

100.0 

100.0 

Science,  Total 

5.304 

1 1 .053 

5,749 

108.4 

38.7 

51.0 

89.0 

87.5 

Physical 

sciences 

2.367 

3.506 

1.139 

48.1 

55.3 

60.7 

39.7 

27.8 

Physics 

673 

1.099 

426 

63.3 

50.8 

56.2 

11.3 

8.7 

Chemistry 

1.661 

2.311 

650 

39.1 

59.2 

64.7 

27.9 

18.3 

Environmental 

sciences 

121 

276 

155 

128.1 

36.1 

38.9 

2.0 

2.2 

Mathematical 

sciences 

126 

109 

-17 

-13.5 

64.9 

54.2 

2.1 

0.9 

Computer 

sciences 

12 

50 

38 

316.7 

26.1 

33.6 

0.2 

0.4 

Agricultural 

sciences 

116 

275 

159 

137.1 

41.6 

43.4 

1.9 

2.2 

Biological 

sciences 

2.397 

6.574 

4,177 

174.3 

30.9 

49.5 

40.2 

52.1 

Psychology 

65 

127 

62 

95.4 

12.5 

24.4 

1.1 

1.0 

Social  sciences 

100 

136 

36 

36.0 

35.3 

33.4 

1.7 

I.I 

Engineering. 

Toul 

657 

1.574 

917 

139.6 

67.2 

67.2 

11.0 

12.5 

Chemical 

engineering 

133 

415 

282 

212.0 

76.4 

74.9 

2.2 

3.3 

Materials 

138 

331 

193 

139.9 

83.1 

72.3 

2.3 

2.6 

Mechanical 

100 

211 

111 

lU.O 

76.9 

59.4 

1.7 

1.7 

Electrical 

94 

186 

92 

97.9 

53.4 

60.6 

1.6 

1.5 

NOTE:  Includes  permanent  residents  and  those  with  temporary  visas. 

SOURCE:  Calculated  from  Table  C-30  in  NSF.  1992a;  and.  for  1991  and  1992.  NSF.  unpublished  Ubies. 
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TABLE  B-37    Federally  Supported  Science  and  Engineering  Postdoctoral  Appointees  in 
Doctorate-Granting  Institutions,  by  Field,  1982  and  1992 


Percentage 

of  All 

Percenuge  of  All 

Federallv 

Growth,  1982-1992, 

Postdocs  within  Field 

SuDDorted  Postdocs 

Field 

1982 

1992     Difference  Percent 

1982 

1992 

1982 

1992 

All  Science  and 

Engineering 

11.119 

17.660 

6,541 

58.8 

75.8 

73.5 

100.0 

100.0 

Science.  Toul 

10.447 

16.050 

5.603 

53.6 

74.8 

74.0 

94.0 

90.9 

Physical 

sciences 

3,600 

4,589 

989 

27.5 

64.1 

79.5 

32.4 

26.0 

Physics 

1.156 

1,641 

485 

42.0 

87.2 

84.0 

10.4 

9.3 

Chemistry 

2,307 

2,730 

423 

18.3 

82.2 

76.4 

20.7 

15.5 

Environmental 

sciences 

255 

556 

301 

118.0 

76.1 

78.4 

2.3 

3.1 

Mathematical 

sciences 

46 

143 

97 

210.9 

23.7 

71.1 

0.4 

0.8 

Computer 

sciences 

25 

113 

88 

352.0 

54.3 

75.8 

0.2 

0.6 

Agricultural 

sciences 

166 

417 

251 

151.2 

59.5 

65.8 

1.5 

2.4 

Biological 

sciences 

5.825 

9.695 

3.870 

66.4 

75.1 

73.0 

52.4 

54.9 

Psychology 

392 

358 

-34 

-8.7 

75.4 

68.7 

3.5 

2.0 

Social  sciences 

138 

179 

41 

29.7 

48.8 

44.0 

1.2 

1.0 

Engineering,  Total     672 

1.610 

938 

139.6 

68.7 

68.7 

6.0 

9.1 

Chemical 

engineering 

100 

340 

240 

240.0 

57.5 

61.4 

0.9 

1.9 

Materials 

121 

284 

163 

134.7 

72.9 

62.0 

1.1 

1.6 

Mechanical 

94 

250 

156 

166.0 

72.3 

70.4 

0.8 

1.4 

Electrical 

118 

229 

HI 

94.1 

67.0 

74.6 

1.1 

1.3 

NOTE:  These  are  postdoctoral  appointees  for  whom  federal  agencies  and  programs  are  "the  source  of  the  largest  amount  of  their 
support'  (diose  supported  by  federal  loans  are  not  included). 

SOURCE:  Calculated  from  Table  C-27  in  NSF.  1992a;  and.  for  1991  and  1992,  NSF,  unpublished  tables. 
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TABLE  B-38  Sources  of  Support  for  Science  and  Engineering  Postdoctoral  Appointees  in 
Doctorate-Granting  Institutions,  by  Field,  1992 


Federal  Sources 

Non- 

Total 

Fellow- 

Trainee- 

Research 

Federal 

Field 

Total 

shiDS  (%) 

shiDs(%) 

Grants(%) 

Sources 

All  Science  and 

Engineering 

24,024 

17,660 

11.1 

7.6 

81.3 

6,364 

Science,  Total 

21,680 

16,050 

11.8 

8.2 

80.0 

5,630 

Physical 

sciences 

5,772 

4,589 

7.5 

0.8 

91.7 

1,183 

Physics 

1.954 

1,641 

4.4 

0.2 

95.4 

313 

Chemistry 

3,573 

2.730 

8.5 

1.2 

90.3 

843 

Environmental 

sciences 

709 

556 

7.9 

1.1 

91.0 

153 

Mathematical 

sciences 

201 

143 

16.1 

4.2 

79.7 

58 

Computer 

sciences 

149 

113 

1.8 

0.9 

97.3 

36 

Agricultural 

sciences 

634 

417 

9.8 

0.5 

89.7 

217 

Biological 

sciences 

13,287 

9,695 

13.9 

11.9 

74.2 

3,592 

Psychology 

521 

358 

14.2 

23.5 

62.3 

163 

Social 

sciences 

407 

179 

27.4 

14.5 

58.1 

228 

Engineering, 

Total 

2,344 

1,610 

3.7 

1.1 

95.2 

734 

Chemical 

engineering 

554 

340 

0.9 

0.9 

98.2 

214 

Materials 

458 

284 

1.1 

0.0 

98.9 

174 

Mechanical 

355 

250 

4.4 

2.4 

93.2 

105 

Electrical 

307 

229 

3.5 

0.0 

96.5 

78 

SOURCE:  Calculated  from  NSF  unpublished  data. 


275 


EMPLOYMENT  TRENDS  AMONG  SCIENTISTS  AND  ENGINEERS 
WITH  GRADUATE  DEGREES 


Michael  McGeary 

Study  Director,  Committee  on  Science, 

Engineering,  and  Public  Policy 


Contents 


OVERVIEW  142 


EMPLOYMENT  TRENDS  AMONG  RECENT  COHORTS  OF 
SCIENCE  AND  ENGINEERING  DOCTORATES  142 


Employment  Status:  Full-Time,  Part-Time,  and  Not  Employed  143 

Employment  Sector:  Academe,  Industry,  Government  144 

Tenure  Status  145 

Impact  of  Employment  Choices  of  Recent  PhDs  146 

Conclusions  146 


Box: 

C-1      Methodological  Note  148 


Tables: 

C-1       Scientists  and  Engineers  1-4  Years  After  Receiving  PhD  from  US  Institutions, 

by  Field,  Employment  Status,  and  Sector  of  Employment,  1973-1991  149 

C-2      Science  and  Engineering  5-8  Years  After  Receiving  PhD  from  US  Instimtions, 

by  Field,  Employment  Status,  and  Sector  of  Employment,  1973-1991  151 


139 


276 


RESHAPING  THE  GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS 


C-3A    Employed  Doctoral  Scientists  and  Engineers,  by  Field,  1973-1991 
C-3B    Employed  Doctoral  Scientists  and  Engineers,  by  Employment-Related 
Characteristics,  1973-1991  (percentage  distribution) 


153 


154 


Figures: 

C-1       Employment  of  All  Science  and  Engineering  1-4  Years  After  US  PhD 

C-2      Employment  of  All  Science  and  Engineering  5-8  Years  After  US  PhD 

C-3  1969-1972  Science  and  Engineering  PhD  Recipients  1-4  and  5-8  Years  Later 
C-4  1977-1980  Science  and  Engineering  PhD  Recipients  1-4  and  5-8  Years  Later 
C-5       1983-1986  Science  and  Engineering  PhD  Recipients  1-4  and  5-8  Years  Later 


C-6 

C-7 

C-8 

C-9 

C-10 

C-11 

C-12 
C-13 
C-14 
C-15 

C-16 
C-17 


C-19 
C-20 

C-21 
C-22 
C-23 
C-24 

C-25 
C-26 

C-27 
C-28 


Employment  o 
Employment  o: 
Employment  o: 
Employment  o; 
Employment  o: 
Employment  o: 

Employment  o 
Employment  o 
Employment  o 
Employment  o 

Employment  o 
Employment  o 


C-1 8    Employment  o 


Employment  o 
Employment  o 
Employment  o 
Employment  o 
Employment  o 
Employment  oi 

Employment  o; 
Employment  o 
Employment  o 
Employment  o 


Physical  Scientists  1-4  Years  After  US  PhD 
Mathematicians  1-4  Years  After  US  PhD 
Computer  Scientists  1-4  Years  After  US  PhD 
Physicists/ Astronomers  1-4  Years  After  US  PhD 
Chemists  1-4  Years  After  US  PhD 
Envirorunental  Scientists  1-4  Years  After  US  PhD 

Life  Scientists  1-4  Years  After  US  PhD 
Agricultural  Scientists  1-4  Years  After  US  PhD 
Medical  Scientists  1-4  Years  After  US  PhD 
Biological  Scientists  1-4  Years  After  US  PhD 

Social  Scientists  1-4  Years  After  US  PhD 
Psychologists  1-4  Years  After  US  PhD 

Engineers  1-4  Years  After  US  PhD 

Physical  Scientists  5-8  Years  After  US  PhD 
Mathematicians  5-8  Years  After  US  PhD 
Computer  Scientists  5-8  Years  After  US  PhD 
Physicists/ Astronomers  5-8  Years  After  US  PhD 
Chemists  5-8  Years  After  US  PhD 
Environmental  Scientists  5-8  Years  After  US  PhD 

Life  Scientists  5-8  Years  After  US  PhD 
Agricultural  Scientists  5-8  Years  After  US  PhD 
Medical  Scientists  5-8  Years  After  US  PhD 
Biological  Scientists  5-8  Years  After  US  PhD 


155 


156 


158 


159 

160 

161 
162 


163 


277 


EMPLOYMENT  TRENDS  AMONG  SCIENTISTS  AND  ENGINEERS  WTTH  GRADUATE  DEGREES 


C-29    Employment  of  Social  Scientists  5-8  Years  After  US  PhD  164 

C-30    Employment  of  Psychologists  5-8  Years  After  US  PhD 

C-31     Employment  of  Engineers  5-8  Years  After  US  PhD  165 


EMPLOYMENT  OF  RECENT  SCIENCE  AND  ENGINEERING  MASTER'S 

DEGREE  RECIPIENTS  166 


Tables: 

C-4      Graduate  School  Status  One  Year  Later  of  Recipients  of  Master's  Degrees 

in  Science  and  Engineering,  1982-1990  167 

C-5      Science  and  Engineering  Master's  Recipients  Continuing  in  Graduate  School 

the  Next  Year,  1982  and  1990  168 

C-6      Unemployment  One  Year  Later  Among  Recipients  of  Master's  Degrees  in 

Science  and  Engineering,  1982-1990  169 

C-7      Employed  New  Science  and  Engineering  Master's  Recipients  Working 

in  Field  of  Degree  or  in  an  Science  and  Engineering  Occupation, 

1990  170 

C-8      Type  of  Employer  One  Year  Later  of  Recipients  of  Master's  Degrees  in 

Science  and  Engineering,  1982-1990  171 

C-9      Type  of  Employer  of  New  Recipients  of  Master's  Degrees,  by  Field  of 

Science  and  Engineering,  1990  172 


278 


RESHAPING  THE  GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS 


OVERVIEW 


This  appendix  has  two  parts:  an  original  "cohort"  analysis  of  data  on  the  employment  of 
recent  science  and  engineering  (S&E)  PhDs  since  1973  and  a  review  of  data  on  the  employment 
of  new  science  and  engineering  master's-degree  recipients. 


EMPLOYME^r^  trends  among  recent  cohorts  of  science  and 

ENGINEERING  DOCTORATES 


To  understand  better  the  career  prospects  of  recipients  of  advanced  degrees  in  science 
and  engineering,  a  thorough  knowledge  of  trends  in  the  recent  employment-related  histories  of 
new  graduates  is  helpful.  A  rich  database  for  such  an  analysis  exists,  and  a  preliminary  study 
is  reported  in  this  appendix.  The  database  is  the  Survey  of  Doctorate  Recipients  (see  Box  C-1 
on  page  148  for  a  description  of  the  SDR  database  and  its  potential  uses  and  limitations). 

NSF  publishes  tables  of  data  from  the  SDR  on  the  entire  population  of  U.S.  scientists  and 
engineers  (the  most  recent  was  of  the  1991  survey;  see  NSF,  1994d).  The  tables  are  examined 
below,  but  they  do  not  provide  information  about  recent  science  and  engineering  PhDs.  For  this 
study,  OSEP  was  asked  to  produce  two  series  of  data  tables:  (1)  tables  on  the  employment 
activities  of  scientists  and  engineers  who  had  received  science  and  engineering  PhDs  in  the  1-4 
years  before  each  survey,  and  (2)  tables  on  the  employment  activities  of  those  receiving  science 
and  engineering  PhDs  5-8  years  before  each  survey.  This  type  of  cohort  analysis  was  apparently 
last  done  in  response  to  the  "new  depression"  in  academic  employment  of  the  middle  1970s  (see, 
e.g.,  NRG,  1983). 

In  this  appendix,  4-year  "classes"  or  cohorts  are  used  to  ensure  minimal  sample  size 
when  looking  at  specific  fields,  such  as  mathematics,  chemistry,  and  biology.  For  example,  the 
first  set  of  tables  gives  information  on  those  getting  PhDs  in  1969-1972  at  the  time  of  the  1973 
survey,  those  getting  PhDs  in  1971-1974  at  the  time  of  the  1975  survey,  and  so  on,  through 
those  who  earned  PhDs  in  1987-1990  at  the  time  of  the  1991  survey. 

The  tables  present  data  on  workforce  status  (full-time,  part-time,  or  unemployed), 
employment  sector  (academe,  other  education,  business  and  industry,  government,  etc.),  and 
tenure  status  of  those  employed  in  academe  (4-year  colleges,  universities,  and  medical  schools). 
There  are  tables  and/or  figures  for  the  following: 
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All  scientists  and  engineers  (excluding  psychologists) 
Physical  scientists 

Mathematicians 

Computer  scientists 

Physicists/astronomers 

Chemists 

Earth/atmospheric/ocean  scientists 
Life  scientists 

Agricultural  scientists 

Medical  scientists 

Biological  scientists 
Engineers 
Social  scientists 
Psychologists 


Employment  Status:  Full-Time,  Part-Time,  and  Not  Employed 


1-4  Years  Out  For  those  1-4  years  after  receipt  of  PhD  at  the  time  of  each  survey  since 
1973,  the  SDR  data  (not  reproduced  here)  show  that  unemployment  rates  and  part-time 
employment  rates  have  been  low  in  all  fields.  Overall,  the  percentage  of  unemployed  (defined 
as  not  working  and  looking  for  work)  has  varied  between  1.2%  and  1.6%.  It  was  1.5%  in  1991 
among  those  getting  PhDs  in  1987-1990.  This  trend,  or  lack  of  a  trend,  holds  for  each  field. 
It  does  not  rule  out,  however,  substantial  increases  in  unemployment  since  1991. 

The  percentage  not  employed  for  all  reasons  (e.g.,  not  looking,  retired,  or  unemployed) 
has  also  been  low  and  steady  since  1973,  about  3%. 

The  proportion  of  new  PhDs  employed  part-time  has  increased  by  about  50%— from  2% 
in  1973  to  3.1%  in  1991  (totaling  about  1,100  of  58,000  in  1973  and  2,000  of  63,000  in  1991). 
This  trend  was  shown  in  all  science  fields,  except  that  part-time  employment  tripled  among  new 
social  scientists,  from  2%  to  6%.  Part-time  employment  did  not  increase  among  new 
engineering  PhDs  (it  has  been  about  1%  since  1973). 

The  category  with  the  most  significant  change  has  been  the  proportion  of  recent 
doctorates  employed  in  postdoctoral  appointments.  Just  8%  of  the  1969-1972  PhDs  were 
postdoctorates  in  1973,  a  percentage  that  increased  steadily  to  19%  of  the  1985-1988  PhDs  in 
1989  (the  1991  survey  was  delayed  six  months,  so  the  postdoctorate  percentage  is  lower — 14%). 
Most  postdoctorates  were  among  new  biology  PhDs  (2,000  in  1973  and  6,300  in  1989),  and 
most  of  the  rest  were  in  physics/astronomy  and  chemistry  (1,900  in  1973  and  2,800  in  1989). 

5-8  Years  Out  For  those  5-8  years  out  at  the  time  of  each  survey,  the  pattern  is  similar 
except  that  few  are  in  postdoctoral  appointments.  The  percentage  of  unemployed  is  generally 
lower  than  for  those  1-4  years  out— between  0.7%  and  1.3%— but  it  increased  to  1.9%  in  1991. 
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The  percentage  not  employed  for  other  reasons  was  up  a  little  in  1991,  but  97%  were  still 
employed.    The  proportion  employed  part-time  doubled  to  3.2%  in  1991  but  was  still  low. 

Conclusion  If  there  are  major  employment  changes  or  problems,  they  have  arisen  mostly 
since  1991.  The  employment  statistics  are  all  relatively  good,  but  some  were  slightly  worse  in 
1991  than  in  1987  or  1989.  Even  that  is  difficult  to  interpret,  because  the  survey  procedures 
were  changed  in  1991  and  the  response  rate  was  much  higher.' 


Employment  Sector:  Academe,  Industry,  Government 


Figure  C-1  shows  where  all  science  and  engineering  PhDs  were  employed  1-4  years  after 
receiving  their  doctorates,  and  Figure  C-2  shows  where  they  were  4  years  later  (5-8  years  after 
receiving  their  doctorates.);  Tables  C-1  and  C-2  give  the  numbers  and  percentages  on  which  the 
figures  are  based.  Figure  C-1  confirms  the  steadily  growing  proportion  going  into  postdoctoral 
positions  during  the  1970s  and  1980s  (8%  in  1973  and  19%  in  1989,  as  noted  above)^  as  well 
as  the  growing  proportion  going  into  business  and  industry  (22%  in  1973  and  29%  in  1991). 
A  smaller  proportion  went  directly  into  academic  employment  (49%  in  1973  and  40%  in 
1991)(presumably,  some  were  going  into  postdoctoral  positions  instead). 

Figure  C-2  shows  where  science  and  engineering  are  5-8  years  after  receiving  their 
doctorates.  Not  surprisingly,  few  are  in  postdoctoral  appointments,  although  the  percentage 
increased  from  2%  to  3%  over  the  period  (but  it  increased  from  4.8%  in  1973  to  9.2%  in  1989 
among  biologists  5-8  years  out).  The  proportion  employed  in  academe  fell.  More  than  half  the 
1969-1972  PhDs  were  employed  in  academe  5-8  years  later,  compared  with  45%  of  the  1983- 
1986  graduates  in  1991.  This  trend  is  the  basis  of  a  major  conclusion  of  the  report— that 
most  new  PhDs  are  employed  outside  academe. 

Another  way  of  looking  at  the  trend  is  to  compare  the  same  "class"  1-4  years  and  5-8 
years  out  (Figures  C-3  to  C-5).  Over  the  period,  there  is  an  increasing  falloff  from  the  number 
of  those  on  postdoctorates  and  employed  in  academe  in  the  first  1-4  years  to  the  number 
employed  in  academe  plus  postdoctorates  after  5-8  years  (this  is  true,  although  to  different 
degrees,  across  fields). 

The  growth  sector  was  business  and  industry.  After  5-8  years,  26%  of  science  and 
engineering  PhDs  were  employed  in  business  and  industry  as  of  1973,  a  proportion  that  grew 
to  about  45%  in  1991  (Figures  C-3  through  C-5). 


'    As  the  report  was  going  to  press,  after  this  was  written,  NSF  released  the  preliminary  resuhs  of  the  1993 
SDR.   The  unemployment  rates  were  up  slightly  but  still  low  (see  text  Figure  2-5). 

'   It  is  important  to  remember  that  some  members  of  each  4-year  cohort  have  already  completed  a 
postdoctoral  assignment  by  the  time  of  the  survey.   These  figures  are  most  useful  for  seeing  trends. 
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The  employment  patterns  differ  from  field  to  field  (see  Figures  C-6  through  C-18  for 
those  1-4  years  out  and  Figures  C-19  through  C-31  for  those  5-8  years  out).  Some  fields  such 
as  chemistry  and  engineering,  have  long  had  a  high  percentage  of  PhDs  working  in  industry; 
others  have  had  high  percentages  working  in  academe.  Within  the  sciences,  however,  the  trends 
have  been  similar — a  smaller  proportion  going  into  academe  and  the  federal  government,  and 
a  greater  proportion  going  into  business  and  industry  (there  was  also  noticeable  growth  in 
nonprofit  employment  among  social  scientists).  Engineering  is  one  field  in  which  the  percentage 
working  in  academe  after  5-8  years,  although  relatively  low,  has  increased  (from  29%  in  1979 
to  32%  most  recently),  as  has  the  percentage  working  in  business  and  industry  (from  50%  to 
58%).  The  federal  government  was  the  big  loser,  going  from  13%  (1,600  of  the  class  of  1969- 
1972  in  1977)  to  5%  (about  500  of  the  class  of  1983-1986  in  1991). 


Tenure  Status 


Table  C-2  has  some  interesting  data  on  trends  in  tenure  and  tenure  status  within  academe 
among  those  5-8  years  after  receiving  the  PhD.  The  number  of  academics  with  tenure  fell  both 
absolutely  and  relatively  over  the  period.  In  1979,  for  example,  20%  of  all  those  who  had 
received  their  PhDs  5-8  years  before  (1971-1974)  had  tenure,  and  another  14%  had  tenure-track 
positions.  The  percentage  with  tenure  after  5-8  years  fell  steadily  to  12%  in  1989,  while  the 
percentage  in  tenure-track  positions  grew  to  17%.  In  absolute  terms,  the  number  with  tenure 
after  5-8  years  fell  from  12,000  in  1979  to  6,500  in  1989,  while  the  number  in  tenure-track 
positions  went  from  8, (XX)  to  9, (XX).  (The  1991  survey  increased  the  percentage  with  tenure  to 
at  least  14%;  the  extent  to  which  the  change  in  survey  methods  contributed  to  this  change  needs 
to  be  explored.) 

In  another  way  of  looking  at  the  data,  the  total  number  in  the  tenure  system  of  those  5-8 
years  after  receiving  the  PhD  fell  from  20,000  in  the  1979  survey  to  about  16,000-17,000  in  the 
1989-1991  survey,  and  the  proportion  with  tenure  decreased  relative  to  those  still  in  tenure-track 
jobs. 

Meanwhile,  a  fairly  steady  number  and  percentage  of  PhDs  5-8  years  out  had  non-tenure 
system  positions  over  the  period  (about  7,000,  or  12%  of  all  PhDs  5-8  years  out). 

The  figures  differ  from  field  to  field,  although  the  general  trends  hold.  Biology  is 
interesting  because  the  percentage  with  tenure,  low  in  1979  at  18%  fell  to  7%  in  1989,  while 
those  in  tenure-track  positions  or  not  in  the  tenure  system  stayed  about  the  same.  Presumably, 
that  reflects  the  high  and  growing  proportion  of  postdoctorates  and  the  lengthening  time  before 
biology  PhDs  enter  faculty  positions  and  begin  their  quest  for  tenure.  In  fact,  as  noted  above, 
more  than  9%  of  biologists  were  still  in  postdoctoral  positions  5-8  years  after  receiving  their 
PhDs.  That  in  turn  might  be  part  of  the  explanation  for  the  low  and  falling  percentage  of 
principal  investigators  under  35  years  of  age  applying  for  National  Institutes  of  Health  research 
project  grants,  as  reported  in  the  recent  National  Research  Council  study  of  funding  of  young 
investigators  (NRC,  1994a). 
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Impact  of  Employment  Choices  of  Recent  PhDs 


The  new  data  presented  here  on  science  and  engineering  1-4  and  5-8  years  after  receiving 
their  doctorates  give  a  sense  of  the  career-related  flow  of  new  PhDs.  The  flows  also  have  an 
impact  on  the  overall  stock  of  PhDs.  More  than  14,000  new  doctorates  were  added  each  year 
to  the  total  stock  of  PhDs  working  in  the  United  States,  and  small  shifts  in  employment  patterns 
have  a  cumulative  impact  over  time  on  the  whole.  Table  C-3  presents  data  on  the  employment 
of  all  US  PhDs  at  the  time  of  each  survey. 


•  With  14,000  a  year  being  added  to  a  stock  that  was  relatively  young  in  1973,  the 
total  number  of  employed  science  and  engineering  PhDs  increased  from  220,000  in  1973  to 
437,000  in  1991. 

•  Although  the  percentage  in  academe  (four-year  colleges,  universities  and  medical 
schools)  fell  from  57%  to  49%,  the  absolute  number  increased  from  125,000  in  1973  to  195,000 
in  1991  (an  increase  of  56%). 

•  The  overall  percentage  of  those  in  academe  with  tenure  grew  from  58%  in  1975 
to  62%  in  1983  and  fell  to  55%  in  1991. 

•  The  percentage  employed  in  business  and  industry  increased  from  24%  to  36%, 
or  from  53,000  to  157, (X)0  (an  increase  of  196  percent). 


Conclusions 


1.  More  than  14,000  new  PhDs  in  science  and  engineering  have  found  employment 
each  year  since  the  early  1970s.  Unemployment  rates  of  those  out  for  1-4  years  or  5-8  years 
have  been  low  compared  with  other  occupations  and  fairly  stable,  at  least  through  1991.  That 
does  not  reflect  events  since  1991,  and  it  does  not  mean  that  all  found  work  in  their  fields  or 
found  jobs  that  they  expected  or  wanted. 

As  a  result  of  the  steady  output  of  doctoral  science  and  engineering,  the  overall  niunber 
of  people  with  science  and  engineering  PhDs  from  U.S.  universities  working  in  the  United  States 
has  nearly  doubled  since  1973.  Academe  has  absorbed  a  large  number,  70,(X)0,  or  about  3,900 
a  year.  Business  and  industry  have  absorbed  another  104,000,  or  5,800  a  year.  The  latter  has 
been  the  growth  sector  for  PhD  employment,  and  is  likely  to  remain  so  for  future  PhDs. 

2.  Year  by  year,  the  proportion  of  new  PhDs  going  into  academe  for  employment 
has  fallen  steadily,  with  business  and  industry  increasing  their  share  of  PhD  employment.  It  is 
important  to  note  that  academe,  while  losing  share,  is  still  an  important  employer  of  new  PhDs, 
and  any  changes  in  the  academic  employment  market  would  have  a  substantial,  if  slowly 
declining,  impact  on  the  career  prospects  of  new  PhDs. 
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3.  The  increasing  proportion  of  new  PhDs  taking  postdoctoral  appointments  has  been 
an  important  feature  of  some  fields,  especially  biology  (accounting  for  more  than  halO  and  some 
of  the  physical  sciences.  The  percentage  of  those  5-8  years  out,  in  postdoctoral  positions, 
especially  in  biology,  is  increasing,  indicating  perhaps  a  lengthening  of  such  positions  or  an 
increase  in  the  practice  of  taking  multiple  postdoctorates.  Those  trends  might  account  in  part 
for  the  decreasing  percentage  of  PhDs  with  tenure  5-8  years  out,  because  it  postpones  beginning 
of  an  independent  faculty  career.  Also,  increasing  numbers  of  postdoctorates  are  going  into 
nonacademic  employment. 

4.  The  data  do  not  show  a  substantial  increase  in  part-time  employment  or  in 
nontenure  positions  in  academe,  at  least  through  1991.  However,  a  large  percentage  (12%)  and 
number  (7,000)  of  recent  PhDs,  all  those  5-8  years  out,  have  been  in  such  positions  through  the 
period.    Who  are  they  and  what  are  they  doing? 

5.  This  analysis  should  be  extended  by  looking  at  data  on  such  matters  as  salary 
(academe  versus  business  versus  government),  primary  activity  (e.g.,  basic  or  applied  research, 
development,  R&D  management,  teaching,  or  consulting),  and  field-switching. 
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The  Survey  of  Doctorate  Recipients  (SDR)  is  a  biennial  survey  that  has  gathered  employment- 
related  information  from  a  nationally  representative  panel  of  PhDs  from  U.S.  institutions  since  1973  (it 
does  not  include  anyone  who  received  a  doctorate  from  a  foreign  instimtion).   It  is  conducted  by  the 
Office  of  Scientific  and  Engineering  Personnel  (OSEP)  of  the  National  Research  Coimcil  (NRC)  for  the 
National  Science  Foundation  (NSF),  National  Institutes  of  Health  (NIH),  and  other  federal  agencies.   For 
each  survey,  a  sample  of  new  doctorate  recipients  since  the  preceding  survey  is  added  that  is 
representative  of  all  U.S.  citizens  and  foreign  citizens  who  stay  in  the  United  States.   Although  NSF 
publishes  tables  of  information  based  on  the  entire  sample,  it  is  possible  to  use  the  SDR  database  to 
compare  the  employment  situations  of  PhD  "classes"  over  time.   For  this  report,  for  example,  we  had 
tables  produced  of  the  employment  characteristics  of  doctoral  scientists  and  engineers  who  had  received 
their  PhDs  1-4  and  5-8  years  before  each  survey  to  see  how  the  employment  situations  of  "new"  or 
"recent"  PhDs  have  changed  over  time  by  field  (much  more  such  work  could  be  done,  involving  more 
detail  and  additional  variables-e.g.,  citizenship  and  sex-to  understand  better  the  careers  of  doctoral 
scientists  and  engineers). 

During  the  1980s,  the  response  rate  to  the  SDR  fell  steadily.   NRC  studies  in  1975  and  1989 
indicated  that  nonresponse  bias  resulted  in  overestimates  of  the  nimiber  of  employed  scientists  and 
engineers,  especially  in  academe  but  also  overall  (Spisak  and  Maxfield,  1979;  Mitchell  and  Pasquini, 
1991).   In  1989,  for  example,  the  difference  in  academic  employment  was  estimated  to  be  about  5 
percentage  points.  A  recent  NSF  analysis  concluded  that  the  overestimates  had  been  consistent  over  time 
and  therefore  did  not  affect  the  trend  line  of  steady  growth  since  1973  (NSF,  1992b). 

In  1991,  several  changes  were  made  in  the  SDR  that  affect  the  comparability  of  the  1991  results 
with  earlier  data.   The  overall  response  rate  was  improved  substantially,  from  58%  in  1989  to  80%. 
That  improved  the  quality  of  the  1991  estimates,  but,  as  NSF  noted,  "the  iiiq>roved  response  rates  and 
the  expected  lessening  of  bias  should  be  considered  additional  sources  of  changes  in  time  series  and 
longitudinal  analysis"  (NSF,  1994d:66).   The  1991  survey  was  also  fielded  7  months  later  than  earlier 
surveys,  and  that  explains  at  least  part  of  the  drop  in  proportion  of  those  in  postdoctoral -study  positions 
in  the  group  1-4  years  after  the  PhD  (from  18.7%  in  1989  to  14.0%  in  1991). 

Because  of  the  changes  in  survey  response  rates  and  timing,  time-series  comparisons  involving 
1991  should  be  interpreted  with  caution.   In  this  report,  for  example,  we  do  not  use  1991  data  at  all  to 
look  at  postdoctoral -study  trends.   We  do  use  1991  estimates  of  employment  status  because  they  are  the 
most-accurate  data  on  the  current  situation,  and  if  the  reader  understands  the  procedural  changes 
described  here,  they  still  provide  a  useful  comparison  with  (and  correction  oO  earlier  data. 

In  1993,  most  of  the  questions  were  also  changed,  which  substantially  limited  comparability  for 
all  but  a  few  basic  characteristics  (e.g.,  unemployment).   The  only  data  used  from  the  1993  survey, 
which  speared  as  this  report  was  going  to  press,  are  unemployment  rates. 


Box  C-1:  Methodological  note 
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TABLE  C-1    Scientists  and  Engineers  1-4  Years  After  Receiving  PhD  from  US 

Institutions,  by  Field,  Employment  Status,  and  Sector  of  Employment,  1973-1991 


Year  of  Survey 

TOTAL 

1973 

1975 

1977 

1979 

1981 

1983 

1985 

1987 

1989 

1991 

Tou!  Population 

58.121 

59.618 

57.343 

55.075 

53.518 

54.119 

55.324 

56.227 

58.825 

63.010 

{percentage) 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

Postdoctoral  Study 

4.652 

6.315 

7.280 

7.307 

7.725 

7.956 

8.919 

9.390 

10.978 

8.803 

(percentage) 

8  0 

10  6 

127 

13.3 

144 

14.7 

16  1 

167 

187 

14.0 

Total  Employed 

50.934 

51.595 

47.848 

45.887 

44.218 

44.250 

44.815 

45.029 

46.098 

51.935 

(percentage) 

876 

86  5 

83  4 

83,3 

826 

81  8 

81  0 

80  1 

78-4 

824 

4  Year/Univei3ily/ 

Medical  School 

28.170 

27.017 

24.062 

23.410 

21.150 

20.646 

22.175 

21.976 

22.139 

25.174 

(percentage) 

485 

453 

42  0 

425 

395 

38  1 

40  1 

39  1 

376 

400 

-tenured 

3.468 

4,206 

3.168 

2.483 

1.764 

1.829 

1.347 

1.122 

1.029 

1.482 

(percentage) 

60 

7.1 

55 

45 

33 

34 

24 

20 

1.7 

24 

-tenure  track 

11.771 

12.648 

11.761 

13.262 

12.363 

12.057 

14.313 

(percentage) 

0.0 

00 

00 

214 

23  6 

21-7 

24  0 

22,0 

205 

227 

-other/no  reports 

24.702 

22.721 

20.894 

9.156 

6.738 

7.056 

7.566 

8.491 

9.053 

9.379 

(percentage) 

42.5 

38  1 

364 

166 

12.6 

130 

137 

15  1 

154 

149 

Other  Educational 

Institutions 

1.326 

1.472 

1.618 

802 

923 

969 

892 

764 

827 

911 

(percentage) 

2-3 

25 

2-8 

1-5 

1-7 

18 

16 

14 

1  4 

14 

Business/Industry 

12.550 

14.086 

13.962 

13.615 

15.009 

16.120 

15.634 

15.177 

15.435 

18.280 

(percentage) 

216 

23  6 

243 

24.7 

280 

298 

283 

270 

26.2 

290 

US  Government 

5.400 

5.347 

4.379 

4.104 

3.681 

3.154 

2.641 

2.992 

3.527 

3.465 

(percentage) 

93 

90 

76 

7.5 

69 

58 

48 

5.3 

60 

55 

State/Local  Government 

806 

999 

1.141 

1.124 

886 

959 

1.117 

1.259 

1.453 

1.144 

(percentage) 

14 

17 

20 

20 

1.7 

18 

20 

22 

2.5 

18 

Nonprofit  Organization 

2.468 

2.398 

2.386 

2.555 

2.409 

2.193 

2.176 

2.515 

2.545 

2.626 

(percentage) 

42 

40 

4.2 

46 

4.5 

4  1 

39 

45 

43 

42 

Other/No  Repcn 

214 

276 

300 

2T7 

160 

209 

180 

346 

172 

335 

(percentage) 

04 

05 

05 

05 

03 

04 

03 

06 

03 

05 

Total  Not  Employed 

2.535 

1.708 

2.215 

1.881 

1.534 

1.913 

1.590 

1.808 

1.749 

2.272 

(percentage) 

44 

29 

39 

34 

29 

35 

2.9 

32 

30 

36 

-seeking 

811 

783 

927 

716 

622 

682 

670 

775 

686 

940 

(percentage) 

1.4 

13 

16 

13 

1.2 

13 

12 

14 

12 

15 

-n«  seeking 

287 

348 

353 

480 

345 

285 

297 

465 

498 

668 

(perosnagc) 

05 

06 

06 

09 

06 

05 

0  5 

08 

08 

11 

-retired 

23 

16 

24 

11 

9 

2 

0 

90 

71 

19 

(pettet«age) 

00 

0.0 

00 

00 

00 

00 

0  0 

02 

0  1 

00 

-other/00  report 

1.414 

561 

911 

674 

558 

944 

623 

478 

494 

645 

(petce««ge) 

2.4 

0  9 

16 

12 

10 

17 

11 

0.9 

08 

1.0 

92-585    95-10 
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NOTES:  This  table  compares  cohorts  of  scientists  and  engineers  1  -4  years  after  receiving  a  doctorate  from  a  US  university  (e.g., 
1969-1972  PhDs  in  1973.  1971-1974  PhDs  in  1975,  and  so  on).  All  fields  are  included  except  psychology  (for  field-level  data, 
see  Figures  C-6  through  C-18).    All  percentages  are  of  the  total  population,  including  those  not  in  the  workforce. 

Due  to  changes  in  survey  procedures  and  timing  in  the  1991  survey,  the  1991  estimates  are  not  entirely  comparable  to  those  for 
the  earlier  survey  years  (see  methodological  note  in  Box  C-1  for  further  information  on  comparability  of  1991  estimates). 

SOURCE:  Special  runs  of  data  on  employment  status  and  employment  sector  of  US  doctoral  scientists  and  engineers  from  the 
Survey  of  Doctorate  Recipients. 
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TABLE  C-2  Scientists  and  Engineers  5-8  Years  after  Receiving  PhD  from  US  Institutions, 
by  Field,  Employment  Status,  and  Sector  of  Employment,  1977-1991 


Year  of  Survey: 

TOTAL 

1977 

1979 

1981 

1983 

1985 

1987 

1989 

1991 

Total  Population 

58.334 

59.514 

57.456 

55.734 

53.985 

54.013 

54.812 

55.598 

(percentage) 

100  0 

1000 

100.0 

1000 

1000 

1000 

1000 

100.0 

Postdoctoral  Study 

1.179 

1.208 

1.153 

1.185 

1.355 

1.228 

1.651 

1.325 

(percentage) 

2  0 

20 

20 

2  1 

2  5 

2.3 

30 

2.4 

Total  Employed 

55.446 

56.879 

54.914 

52.507 

51,504 

51.233 

51.782 

52.082 

(percentage) 

95  0 

956 

956 

942 

954 

949 

945 

93.7 

4  Year/Univcniiy/ 

Medical  School 

29.561 

27.673 

26,467 

25.165 

24.831 

24,063 

24.468 

23.879 

(percentage) 

507 

465 

46  1 

45.2 

460 

446 

446 

42  9 

-tenured 

14.407 

12.149 

11.257 

9.822 

8.113 

7.163 

6.502 

7.844 

(percentage) 

24,7 

204 

196 

176 

150 

13.3 

119 

14  1 

-tenure  track 

8.171 

9.026 

8.483 

10.138 

9,165 

9.658 

9.081 

(percentage) 

00 

137 

15.7 

15.2 

188 

170 

17  6 

163 

-other/no  reports 

15.154 

7.353 

6.184 

6.860 

6.580 

7.735 

8.308 

6.954 

(percentage) 

260 

124 

108 

12  3 

122 

14.3 

152 

125 

Other  Educational 

1.357 

1.174 

1.032 

805 

977 

847 

721 

883 

Institutions 

2,3 

20 

18 

14 

18 

16 

1  3 

16 

(percentage) 

Business/Industry 

14.945 

16.981 

17.974 

18.285 

17.830 

18.568 

19.418 

19.156 

(percentage) 

256 

285 

31.3 

32  8 

330 

34.4 

35.4 

345 

US  Govemmeni 

5.556 

6.525 

4.682 

4.573 

3.998 

3.536 

3.074 

3.255 

(percentage) 

95 

110 

8  1 

8.2 

7.4 

65 

56 

59 

State/Local  Government 

932 

1.034 

1.158 

1.129 

1.044 

1.080 

1.090 

1.773 

(percentage) 

16 

1.7 

2  0 

20 

19 

2.0 

2  0 

32 

Nor^rorit  Organization 

2,693 

3.070 

3.175 

2.401 

2.683 

2.865 

2.741 

2.774 

(perccniage) 

46 

52 

55 

4.3 

50 

5  3 

50 

50 

Other/No  Repon 

402 

422 

426 

149 

141 

274 

270 

362 

(perccniage) 

0.7 

0.7 

07 

03 

03 

0.5 

05 

07 

Total  Not  Employed 

1.709 

1.427 

1.389 

2.042 

1.126 

1.552 

1.379 

2.191 

(percentage) 

29 

24 

2.4 

3.7 

2  1 

29 

2.5 

39 

-soimg 

761 

515 

452 

735 

373 

563 

498 

1.058 

(pcrcenuge) 

13 

09 

08 

13 

07 

1.0 

09 

19 

•not  seeking 

286 

453 

473 

529 

312 

483 

498 

571 

(pcrcenuge) 

0.5 

08 

08 

09 

0.6 

09 

09 

10 

-mired 

56 

66 

57 

82 

63 

59 

78 

100 

(percertage) 

0  1 

0  1 

0  1 

0  1 

0  1 

0  1 

0  1 

0.2 

-other/no  report 

606 

393 

407 

6% 

378 

447 

305 

462 

(percCTUge) 

10 

07 

07 

12 

0.7 

08 

06 

08 
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NOTES:  This  table  compares  cohorts  of  scientists  and  engineers  5-8  years  after  receiving  a  doctorate  from  a  US  university  (e.g., 
1969-1972  PhDs  in  1977.  1971-1974  PhDs  in  1979.  and  so  on).  All  fields  are  included  except  psychology  (for  field-level  data, 
see  Figures  C-19  through  C-31).    All  percentages  are  of  the  toul  population,  including  those  not  in  the  workforce. 

Due  10  changes  in  survey  procedures  and  liming  in  the  1991  survey,  the  1991  estimates  are  not  entirely  comparable  to  those  for 
the  earlier  survey  years  (see  methodological  note  in  Box  C-1  for  further  information  on  comparability  of  1991  estimates). 

SOURCE:  Special  runs  of  data  from  the  Survey  of  Doctorate  Recipients  on  employment  status  and  employment  sector  of  US 
doctoral  scientists  and  engineers. 
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TABLE  C-3A  Employed  Doctoral  Scientists  and  Engineers,  by  Field,  1973-1991 


Fidd 

1973 

1975 

1977 

1979 

1981 

1983 

1985 

1987 

1989 

1991 

TOTAL 

220,332 

255,940 

285,055 

314,257 

343.956 

369,320 

400.358 

419.118 

448.643 

437,206 

SCIENTISTS 

184.551 

213,507 

240,005 

263,915 

286.917 

307,775 

334.505 

351.350 

373.860 

367.440 

Physical  sciemuts 

48.526 

54,629 

57,531 

60,222 

63,110 

63,986 

67.480 

68.647 

70.209 

80.872 

Chcinisis 

30.769 

35,825 

37,412 

39,659 

41,910 

41,298 

43.735 

44.136 

45,649 

48,%7 

Physic  isls/ 

Astronomcn 

17.757 

18,804 

20,119 

20,563 

21,200 

22,688 

23.745 

24.511 

24,560 

31,905 

Malhcmalical 

scienlisB 

12.130 

13,611 

14,609 

15,250 

15,569 

16,379 

16.758 

16.699 

17,611 

20,049 

Nfathemalicians 

10.661 

11,864 

12,846 

12.843 

13,024 

13,589 

13.957 

13.878 

14,867 

16.546 

1.469 

1,747 

1,763 

2.407 

2,545 

2,790 

2.801 

2.821 

2.744 

3J03 

Computer/ 

Informalion 

specialists 

2,713 

3.528 

5,767 

6.684 

9.064 

12,164 

14,964 

18.571 

19.797 

5,376 

Environmental 

scientists 

10.321 

12.103 

13.001 

14.575 

15.909 

16.467 

17.288 

17.811 

19.787 

13.263 

Eanh  sciemists 

8.552 

9.500 

9.715 

11.083 

11.990 

12.523 

13.202 

13.577 

15,138 

9.745 

OceanographcTS 

1.130 

1.2T7 

1,563 

1.662 

1.793 

1.742 

1,959 

2.037 

2,460 

1.920 

Atjnospheric 

scientBts 

639 

1.326 

1.723 

1.830 

2.126 

2.202 

2,127 

2.197 

2,189 

1.598 

Life  scientists 

56.665 

63.344 

70,537 

78.857 

84,912 

92.802 

101,838 

107.378 

115,833 

113.743 

Biological  scientists 

36.798 

39.036 

42,069 

45.617 

49,621 

55.205 

59.871 

61.985 

67,250 

88.188 

Agricultuta) 

scientists 

9.189 

10.993 

12.112 

12,789 

.3,496 

14.536 

15.513 

15.7% 

16,504 

16.637 

Medical  scicMisls 

10.678 

13.315 

16.356 

20,451 

21,795 

23.061 

26.454 

29.597 

32,079 

19.047 

Psychologtsts 

24.782 

30.001 

33.652 

37,848 

42,829 

46.645 

52.182 

56.378 

60.5% 

65.672 

29.414 

36.291 

44.908 

50,479 

55,524 

59.332 

63.995 

65.866 

70.027 

68.465 

Economists 

9.674 

11.814 

12.970 

13,978 

15,990 

16.958 

17.925 

17.837 

18.588 

19.241 

Sociologists/ 

Anthropologists 

65.311 

7.910 

9.471 

10.198 

11,007 

12.056 

12.692 

12.933 

13.529 

18.094 

Other  social 

scientists 

3.209 

16.567 

22.467 

26.303 

28,527 

30.318 

33.378 

35.0% 

37.910 

31.130 

ENGINEEKS 

35.781 

42.433 

45.050 

50,342 

57,039 

61.545 

65.853 

67.768 

74.783 

69,766 

Aeronautical/ 

Astronomical 

1.670 

2.019 

1.987 

2,364 

2,519 

3.684 

3.827 

5.005 

6.367 

3.087 

Chemical 

4,458 

5.368 

5.603 

6,166 

7,146 

6.992 

7.122 

6,923 

7.959 

10.633 

Civil 

3.100 

3,772 

4.066 

5,157 

6,089 

5.317 

6.3% 

6,479 

6.951 

7.512 

Electncal/Electronic 

7.057 

8,538 

8.284 

8,597 

10,630 

12.696 

14.248 

12,601 

15.088 

16.994 

Material  science 

4.462 

4,784 

5.244 

5.732 

6,085 

7.422 

7,259 

8,088 

8.280 

6.230 

Mechanical 

3.257 

4,033 

4.648 

5.245 

5,370 

5.657 

6,594 

6,711 

7.390 

8.680 

Nuclear 

1,264 

1,680 

1.773 

2.286 

2,061 

2.329 

2,377 

2,151 

2.437 

1.903 

Systetm  design 

1.963 

2,436 

3.556 

4.931 

5,349 

3.891 

3,683 

3.935 

3.8% 

1.561 

Other 

8.550 

9,803 

9.889 

9.864 

11,790 

13.557 

14,347 

15.875 

16.415 

13.166 

NOTES:  All  numben  in  the  table  are  cstimaies  derived  from  a  sample 

All  doaoral  scientists  and  engineers  employed  in  a  science  or  engincermg  (S&E)  field  were  categorized  by  their  Tield  of  employmeiB  when  that  information  « 
available    When  it  was  not.  or  when  the  enq)loymcn  FKJd  was  other  than  science  or  cngirteering.  doaorate  holders  were  calcgonzed  by  their  Held  of  degn 


SOURCE  Cakulaed  from  NSF,  1991.  and  NSF.  ]994d 
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TABLE  C-3B     Employed  Doctoral  Scientists  and  Engineers,  by  Employment-Related 
Characteristics,  1973-1991  (percentage  distribution) 


Charactcnstics 

1973 

1975 

1977 

1979 

1981 

1983 

1985 

1987 

1989 

1991 

TOTAL 

lOOO 

1000 

1000 

1000 

1000 

lOOO 

1000 

100  0 

1000 

1000 

Type  of  employment 

Science/Engineering 

936 

93  9 

91  9 

91  7 

91  4 

88  6 

91  3 

903 

904 

897 

Other/Unknown  field 

64 

6  1 

8  1 

83 

86 

11  4 

87 

97 

96 

10  3 

Scdor  of  employmem 

Business/Industry,  Tolal 

242 

25  2 

25  I 

264 

288 

307 

31  4 

31  4 

32  4 

360 

Not  self-employed 

22  2 

229 

22,5 

23  1 

24,6 

258 

25  6 

248 

25,1 

27  1 

Self-employed 

20 

2,3 

26 

33 

43 

4  9 

5  8 

66 

72 

88 

Educational  institution 

587 

582 

57,5 

55  5 

54  4 

53  1 

52,9 

522 

51  5 

47  2 

Umvcrsily/4-year  college 

56  7 

56  1 

55  1 

53  3 

52,1 

508 

50  5 

50,0 

492 

44.7 

Other 

20 

2.1 

2.3 

22 

23 

23 

2,4 

22 

22 

2.5 

Federal  government  (civilian) 

83 

74 

75 

76 

73 

70 

66 

66 

65 

63 

Stale/Local  government 

19 

19 

19 

19 

19 

2  1 

2  1 

22 

23 

2.4 

Hospitals/Clinics 

2  1 

29 

30 

3  1 

29 

28 

28 

29 

2.8 

3  2 

Other  non-profits 

36 

33 

36 

40 

37 

32 

34 

37 

36 

36 

Other/No  response 

12 

1,0 

1,5 

1,5 

1  1 

I  I 

9 

1  0 

9 

14 

Primary  work  activity 

Research  and  development 

32  4 

32  2 

328 

317 

34  9 

33  8 

33  1 

36  8 

37  1 

360 

Basic  research 

155 

149 

15  3 

152 

16  0 

155 

15  3 

15  1 

15  1 

14  0 

Applied  research 

130 

129 

12  8 

11,7 

13,5 

128 

123 

172 

174 

164 

Development 

39 

4,4 

4,7 

48 

5  3 

55 

5,5 

45 

4  7 

56 

Management/ Administration 

209 

202 

21  3 

23  0 

176 

167 

17.4 

162 

164 

156 

of  Research  and  Development 

119 

11,2 

108 

13  7 

95 

85 

8.7 

81 

79 

76 

of  Other 

90 

90 

10  5 

93 

81 

8,2 

87 

8,1 

8.5 

8.0 

Teaching 

36,3 

356 

31  9 

294 

30  6 

29,3 

279 

262 

25.1 

22.7 

Professional  services 

3,3 

40 

4.7 

58 

67 

7  1 

79 

78 

8.2 

9  1 

Reports/Statistics/ 

Computer  activity 

1/ 

1/ 

1/ 

1/ 

1/ 

1/ 

1/ 

28 

29 

36 

Consulting 

1,8 

2,2 

2.2 

2,9 

35 

3,5 

3.5 

3  3 

3.7 

4,4 

Glher/No  response 

52 

58 

7.2 

72 

6.7 

102 

102 

69 

66 

85 

Federal  support 

Receiving  suppon 

45,2 

43  0 

420 

403 

369 

323 

323 

43  7 

442 

40,7 

Not  receiving  suppon 

503 

535 

53,7 

54,4 

468 

52,3 

52.3 

52  7 

53.0 

55,7 

Status  unknown/No  response 

4,5 

3,5 

42 

53 

16  3 

15,4 

15.4 

36 

2  7 

35 

1/  This  category  was  first  introduced  in  1987  to  conform  to  other  data  s 
NOTE:  All  numbers  in  the  table  are  estimates  derived  from  a  sample. 
SOURCE:  Calculated  from  NSF.  1991.  and  NSF.  1994d. 
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g     50 
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Emplc^menl 


D' 


Year  of  Survey 

FIGURE  C-1  Employment  of  all 
scientists  and  engineers  1  -4  years  after  US 
PhD 


1977  1979  1961   1963  1 


LUEmployed 

Qaher 
Emptoyment 


\ — I  Industry 
I |tead«me 


Year  of  Survey 

FIGURE  C-2  Employment  of  all  scientists  and 
engineers  5-8  years  after  US  PhD 


SOURCE:  Tables  C-1  and  C-2 

NOTES:  See  notes  to  Table  C-1  and  methodological  note  in  Box  C-1  for  important  information  on  the 
con^arability  of  1991  estimates  with  earlier  estimates. 

Nol  employed  includes  those  seeking  work  (i.e.,  unemployed),  not  seeking  work,  retired,  otherwise  not  working, 
or  not  reporting  emptoyment  status 

Other  employment  includes  other  education  (junior  colleges.  2-year  colleges,  technical  institutes,  and  elementary, 
middle,  and  secondary  schools):  state  and  local  govonments,  hospitals  and  clinics:  private  foundations  and  other 
nonprofit  organizations:  other  empk>yers:  and  those  who  did  not  respond  to  the  employment-sector  question. 


BusinessAndustry  includes  self-employed. 

Academe  includes  those  employed  at  4-ye8 
university-afTilialed  hospitals  and  medical  centers) 


Academe  indudes  those  employed  at  4-year  colleges,  universities,  and  medical  schools  (including 
>pitals ;    '        ■    " 
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FIGURE  C-3  1 969- 1 972  science  and 
engineering  PhD  recipients  1-4  and  S-i 
years  later 
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FIGURE  C-4  1977-1 980  science  and 
engineering  PhD  recipients  1^  and  5-i 
years  later. 
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FIGURE  C-5   1983-1986  science  and 
engineering  PhD  recipients  1  -4  and  5-8 
years  later 


SOURCE:  Tables  C-1  and  C-2 
NOTES:  See  notes  to  Table  C-1 
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NOTES:  Figures  C-6  through  C-18  compare 
cohorts  of  scientists  and  engineers  1-4  years 
after  receiving  a  doctorate  from  a  US 
university  (e.g.,  1969-1972  PhDs  in  1973, 
1971-1974  PhDs  in  1975,  and  so  on). 
Figures  C-19  through  C-31  compare  cohorts 
of  scientists  and  engineers  5-8  years  after 
receiving  a  doctorate  from  a  US  university 
(e.g.,  1%9-1972  PhDs  in  1977,  1971-1974 
PhDs  in  1979,  and  so  on).  All  percentages 
are  of  the  total  population,  including  those 
not  in  the  workforce. 

Due  to  changes  in  survey  procedures  and 
timing  in  the  1991  survey,  the  1991  estimates 
are  not  entirely  comparable  to  those  for  the 
earlier  survey  years  (see  methodological  note 
in  Box  C-1  for  further  information  on 
comparability  of  1991  estimates). 

SOURCE:   Special  runs  of  data  from  the 
Survey      of     Doctorate      Recipients      on 
employment  status  and  employment  sector  of 
k  U.S.  doctoral  scientists  and  engineers. 


HGURES  C-6  THROUGH  C-31 
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FIGURE  C-6  Employment  of  physical 
scientists  1-4  years  after  US  PhD 
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FIGURE  C-7  Employment  of  mathematicians 
1-4  years  after  US  PhD 
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FIGURE  C -8  Employment  of  computer 
scientists  1-4  years  after  US  PhD 


FIGURE  C-9  Employment  of 
physicists/astronomers  1-4  years  after  US  PhD 
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FIGURE  C-10  Employment  of  chemists  1-4  FIGURE  C-11  Employment  of  environmental 

years  after  US  PhD  scientists  1-4  years  after  US  PhD 
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FIGURE  C-12  Employment  of  life  scientists 
1-4  years  after  US  PhD 


FIGURE  C-13  Employment  of  agricultural 
scientists  1-4  years  after  US  PhD 
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FIGURE  C- 14  Employment  of  medical 
scientists  1-4  years  after  US  PhD 


FIGURE  C-1 5  Employment  of  biological 
scientists  1-4  years  after  US  PhD 
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FIGURE  C-16  Employment  of  social  scientists  1-4  years  after  US  PhD 
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FIGURE  C-17  Employment  of  psychologists  1  -4  years  after  US  PhD. 
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FIGURE  C-18  Employment  of  engineers  1-4  years  after  US  PhD 
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FIGURE  C- 1 9  Employment  of  physical 
scientists  5-8  years  after  US  PhD. 


FIGURE  C-20  Employment  of  mathematicians 
5-8  yeare  after  US  PhD. 
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FIGURE  C-2 1  Employment  of  computer 
scientists  5-8  years  after  US  PhD. 


FIGURE  C-22  Employment  of 
physicists/astronomers  5-8  years  after  US  PhD 
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FIGURE  C-23  Employment  of  chemists  5- 
yeare  after  US  PhD 


FIGURE  C-24  Employment  of  environmental 
scientists  5-8  years  after  US  PhD. 
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FIGURE  C-25  Employment  of  life  scientists 
5-8  years  after  US  PhD 


FIGURE  C-26  Employment  of  agricultural 
scientists  5-8  years  after  US  PhD 
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FIGURE  C-27  Employment  of  medical 
scientists  5-8  years  after  US  PhD. 


FIGURE  C-28  Employment  of  biological 
scientists  5-8  years  after  US  PhD 
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FIGURE  C-29  Employment  of  social  scientists  5-8  years  after  US  PhD 
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FIGURE  C-30  Employment  of  psychologists  5-8  years  after  US  PhD 
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FIGURE  C-3 1  Employment  of  engineers  5-8  years  after  US  PhD. 
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EMPLOYMENT  OF  RECENT  SCIENCE  AND  ENGINEERING 
MASTER'S  DEGREE  RECIPIENTS 


The  National  Science  Foundation  conducts  biennial  surveys  of  recent  recipients  of 
master's  and  bachelor's  degrees  in  various  science  or  engineering  fields.    The  latest 
published  data  are  from  the  survey  administered  in  the  spring  of  1990  to  a  sample  who 
received  science  and  engineering  degrees  during  the  1987-1988  (1988)  and  1988-1989  (1989) 
academic  years  (NSF,  1992a).    Surveys  conducted  in  1982  (NSF,  1984),  1984  (NSF,  1986), 
1986  (NSF,  1987),  and  1988  (NSF,  1990a)  are  also  reported  here.    A  more  recent  survey 
was  fielded  in  1993  and  is  scheduled  to  be  published  shortly. 

The  NSF  survey  of  recent  college  graduates  and  master's-degree  recipients  collects 
information  on  demographic  and  education  characteristics  and  on  early  career-development 
experiences,  such  as  employment  status,  reasons  for  unemployment,  and  attributes  of 
employment  including  occupational  classification,  major  activity,  and  salary.    The  survey  is 
based  on  a  nationally  representative  sample  and  is  used  to  derive  national  estimates  of  the 
numbers  and  demographic,  education,  and  employment  characteristics  of  recent  graduates  in 
science  and  engineering. 


How  Many  Science  and  Engineering  Master's  Degree  Recipients 
Continue  Graduate  Study? 


The  number  of  new  science  and  engineering  master's-degree  recipients  in  1989 
continuing  as  full-time  students  in  1990  was  16,200,  or  about  23%  of  the  estimated  70,400 
who  received  master's  degrees  in  1989  (another  4,900,  or  7%,  were  part-time 
students)(Table  C-4).    The  comparable  percentage  and  number  of  continuing  students  among 
new  master's-degree  recipients  in  the  1980s  surveys  were  about  21%  and  10,000  -  13,000. 
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TABLE  C-4  Graduate-School  Status  One  Year  Later  of  Recipients  of  New  Master's 
Degrees  in  Science  and  Engineering,  1982-1990 

Master's  Received  in 


Status 1981  1983  1985  1987  1989 

New  science  and 

engineering  master's  46,700  47,500  61,100  58,100  70,400 

Full-time  students 

Number  9,800  10,300  13,000  12,200  16,200 

Percentage  21.0%  21.7%  21.3%  21.0%  23.0% 

Part-time  students 

Number  4,300  4,200  4,700  3,300  4,900 

Percentage  9.2%  8.8%  7.7%  5.7%  7.0% 


SOURCE;  Calculated  from  Table  B-28  in  NSF,  1984;  Table  B-28  in  NSF,  1986;  Table  B-31  in  NSF,  1987; 
Table  B-31  in  NSF,  1990a;  and  Table  B-31  in  NSF,  1992b. 


Continued  Education  of  New  Science  and  Engineering  Master's-Degree  Recipients 


The  tendency  to  continue  graduate  studies  full-time  varies  across  fields  but  has 
increased  in  most  fields  since  1982.    Barely  7%  of  those  receiving  master's  degrees  in 
computer  science  in  1989  were  full-time  students  the  next  year,  compared  with  60%  of  those 
with  new  physics/astronomy  master's  degrees  (Table  C-5).    The  proportion  of  new  master's- 
degree  recipients  going  to  graduate  school  part-time  also  varies  from  field  to  field  but  has 
gone  down  since  1982.    The  ratio  of  full-time  to  part-time  graduate  students  a  year  after 
receipt  of  master's  degrees  also  varies  by  field.    In  fields  where  the  master's  degree  is 
usually  considered  the  working  degree,  the  ratio  is  more  nearly  equal  (e.g.,  2.2;  1  in 
engineering  and  1 : 1  in  computer  science  and  technology)  than  in  fields  where  the  PhD  is 
considered  the  minimal  professional  credential  (e.g.,  3.6:1  in  physics/astronomy,  22.6:1  in 
biology,  and  apparently  higher  in  chemistry). 
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TABLE  C-5   Science  and  Engineering  Master's-Degree  Recipients  Continuing  in 
Graduate  School  the  Next  Year,  1982  and  1990  (percentages) 


Master's  Received  in  1981 
Full-Time   Part-Time 
Student       Student 


Master's  Received  in  1989 
Full-Time  Part-Time 
Student       Student 


All  science  and 


engineering  master's  21.0 

9.2 

Physical  sciences 

33.3 

11.1 

Physics/ Astronomy 

50.0 

2 

Chemistry 

33.3 

13.3 

Other  Physical 

sciences 

25.0 

25.0 

Mathematics/Statistics 

17.1 

9.8 

Computer  sciences 

8.0 

10.0 

Environmental  science; 

!l7.6 

5.9 

Life  sciences 

27.9 

9.3 

Agricultural  sciences 

25.0 

9.4 

Biological  sciences 

29.1 

9.1 

Social  sciences 

23.9 

8.5 

Psychology 

33.3 

16.7 

Engineering 

15.2 

7.2 

23.0 

7.0 

43.5 

6.5 

60.0 

16.7 

43.8 

s 

11.1 

s 

21.6 

7.8 

7.1 

7.1 

20.0 

8.0 

32.0 

4.1 

27.8 

8.3 

36.1 

1.6 

27.5 

7.3 

41.9 

7.0 

17.3 

7.7 

-  Too  few  cases  to  report. 

SOURCES:  Calculated  from  Table  B-28  in  NSF,  1984,  for  1981  data;  and  Table  B-31  in 
NSF,  1992b,  for  1989  data. 
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How  Many  Recent  Science  and  Engineering  Master's-Degree 
Recipients  Are  Unemployed? 


Unemployment  rates  among  recent  science  and  engineering  master's-degree  recipients 
in  the  labor  force  are  low.    In  1990,  among  those  awarded  master's  degrees  in  1988  and 
1998,  unemployment  was  1.8%  overall,  ranging  from  a  low  of  1.1%  of  mathematicians  and 
statisticians  to  a  high  of  3.6%  of  psychologists  (Table  C-6).    In  most  fields,  the 
unemployment  rate  among  recent  master's-degree  recipients  was  lower  in  1990  than  in  1982 
and  1984  (in  the  aftermath  of  the  1980-1982  recession),  but  slightly  higher  than  in  1988. 


TABLE  C-6   Unemployment  One  Year  Later  Among  Recipients  of  Master's  Degrees  in 
Science  and  Engineering,  1982-1990  (percentages)- 


Master's 

Received 

in 

1980- 

1982- 

1984- 

1986- 

1988- 

Field  of  Degree 

1981 

1983 

1985 

1987 

1989 

All  science  and 

engineering  master's 

3.7 

3.5 

2.1 

1.7 

1.8 

Physical  sciences 

3.0 

3.6 

1.4 

2.9 

2.1 

Physics/ Astronomy 

» 

b 

b 

b 

2.2 

Chemistry 

2.0 

6.3 

1.3 

3.1 

1.9 

Other  Physical  sciences 

b 

b 

b 

b 

b 

Mathematics/Statistics 

4.1 

2.7 

1.5 

1.1 

1.1 

Computer  sciences 

0.6 

1.1 

0.4 

1.1 

1.5 

Environmental  sciences 

6.9 

4.3 

6.1 

1.9 

2.7 

Life  sciences 

2.5 

4.3 

4.2 

1.3 

2.1 

Agriculniral  sciences 

1.6 

4.3 

4.6 

0.3 

2.5 

Biological  sciences 

3.0 

4.3 

4.0 

1.9 

1.9 

Social  sciences 

6.8 

5.6 

3.4 

3.2 

2.1 

Psychology 

9.3 

2.7 

4.4 

2.5 

3.6 

Engineering 

2.1 

3.0 

1.2 

1.7 

1.7 

-  Full-time  graduate  students  are  excluded. 

*  No  rate  computed  for  groups  in  which  labor  force  is  smaller  than  1,500. 

SOURCES:  Calculated  from  Table  B-45  in  NSF,  1984;  Table  B^5  in  NSF  1986;  Table  B-49 
in  NSF,  1987;  Table  B^7  in  NSF,  1990a;  and  Table  B-47  in  NSF,  1992b. 
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How  Many  New  Science  and  Engineering  Master's-Degree  Recipients  Are 
Employed  in  Their  Fields  or  Other  Science  and  Engineering  Occupations? 

Although  unemployment  rates  are  comparatively  low  for  those  with  master's  degrees, 
not  all  are  working  in  the  fields  of  their  degrees  or  in  other  science  and  engineering 
occupations.    Overall,  in  1990,  fewer  than  two-thirds  of  science  and  engineering  master's- 
degree  recipients  were  working  in  the  same  fields  as  their  degrees,  and  fewer  than  one-fifth 
were  working  in  other  science  and  engineering  occupations  (Table  C-7).    Exactly  17%  were 
not  employed  in  science  and  engineering  occupations.    This  split  varied  by  field,  however, 
with  7.5%  of  engineers  and  8%  of  computer  scientists  working  outside  science  and 
engineering,  compared  with  37%  of  social  scientists  and  46%  of  psychologists.    Only  one- 
fourth  of  physicists  and  astronomers  were  working  in  their  fields  (25  %  were  working  in 
computer  science  and  "other  physical  sciences,"  and  25%  in  engineering  occupations)  (NSF, 
1992b:  Table  B-39). 

TABLE  C-7  Employed  New  Science  and  Engineering  Master's-Degree  Recipients 
Working  in  Fields  of  Degrees  or  in  Science  and  Engineering  Occupations,  1990 
(percentage)- 


Another 

Science  and 

Non-Science  and 

Same  Field 

Engineering 

Engineering 

Field  of  Degree 

as  Master's 

Occupation 

Occupation 

All  1989  science  and 

engineering  master's 

64.7 

18.1 

17.0 

Physical  sciences 

41.7 

41.7 

16.7 

Physics/ Astronomy 

25.0 

50.0 

25.0 

Chemistry 

55.6 

33.3 

11.1 

Other  Physical  sciences 

25.0 

50.0 

25.0 

Mathematics/Statistics 

57.9 

26.3 

15.8 

Computer  sciences 

78.2 

13.9 

7.9 

Environmental  sciences 

65.0 

25.0 

10.0 

Life  Sciences 

52.5 

19.7 

27.9 

Agricultural  sciences 

52.2 

26.1 

21.7 

Biological  sciences 

52.6 

15.8 

31.6 

Social  sciences 

44.0 

20.0 

36.0 

Psychology 

4L7 

12.5 

45.8 

Engineering 

78.2 

14.4 

7.5 

-  Exclusive  of  fiill-time  graduate  students. 

NOTE:  Percentages  may  not  add  to  100  because  of  rounding. 

SOURCE:  Calculated  from  Table  B-39  in  NSF,  1992b. 
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Who  Employs  New  Science  and  Engineering  Master's-Degree  Recipients? 


In  the  last  decade,  nearly  60%  of  employed  new  science  and  engineering  master's- 
degree  recipients  were  working  in  the  private  sector  (Table  C-8).    Less  than  20%  were 
employed  by  educational  institutions,  split  about  evenly  between  four-year  colleges  and 
universities  and  other  institutions  (two-year  colleges  and  elementary  and  secondary  schools). 


TABLE  C-8  Type  of  Employer  One  Year  Later  of  Recipients  of  Master's  Degrees  in 
Science  and  Engineering,  1982-1990^ 


Master's 

Received  in 

Emolover 

1981 

1983 

1985 

1987 

1989 

All  employed  science 

34.100 

34,400 

45,600 

43,700 

51.700 

and  engineering  master's 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

Educational  institutions 

6.000 

4,900 

6.800 

7,400 

9.300 

17.6% 

14.2% 

14.9% 

16.9% 

18.0% 

4-year  college/ 

4,000 

4,600 

university 

9.2% 

8.9% 

Other  educational 

3,400 

4,600 

institution 

7.8% 

8.9% 

Business  and  industry 

20.000 

20,000 

25,400 

25.200 

30,700 

58.7% 

58.1% 

55.7% 

57.7% 

59.4% 

Nonprofit  organization 

900 

1,700 

1,600 

1,400 

1,000 

2.6% 

4.9% 

3.5% 

3.2% 

1.9% 

Federal  government 

2,200 

2,500 

3.900 

2,300 

3,600 

6.5% 

7.3% 

8.6% 

5.3% 

7.0% 

State/local  government 

2,500 

2,800 

4,100 

2,900 

2,900 

7.3% 

8.1% 

9.0% 

6.6% 

5.6% 

Other 

2,300 

2,400 

3,600 

4,400 

4,200 

6.7% 

7.0% 

7.9% 

10.1% 

8.1% 

No  report 

100 

100 

200 

100 

» 

0.3% 

0.3% 

0.4% 

0.2% 

-  Full-time  graduate  students  are  excluded. 

'  Too  few  cases  to  report. 

SOURCES:  CalcuUted  from  Table  B-32  in  NSF,  1984;  Table  B-32  in  NSF,  1986;  Table  B-36  in  NSF,  1987;  Table  B-36  in 
NSF.  1990a:  and  Table  B-36  in  NSF  1992b. 
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Field-to-Field  Differences  in  Employment  Sector 


The  tendency  to  work  in  industry  or  for  other  types  of  employers  varies  by  field.    In 
1990,  for  example,  more  than  three-quarters  of  computer  scientists  worked  in  the  private 
sector,  compared  with  less  than  a  third  of  life  scientists  (Table  C-9). 


TABLE  C-9  Type  of  Employer  of  New  Recipients  of  Master's  Degrees,  by  Field  of 
Science  and  Engineering,  1990^ 


Emolover 

Physical 
Sciences 

Mathe- 
matics/ 
Sutistics 

Computer 
Sciences 

Environ- 
mental 
Sciences 

Life 
Sciences 

Social 
Sciences 

Psych- 

olOBV 

Engineer- 
ing 

ALL 

2,400 

3,800 

10,100 

2.000 

6,100 

7.500 

2,400 

17.300 

Educational 
institutions 

800 

33.3% 

1.600 

42,1% 

800 
7.9% 

200 
10.0% 

2,300 

37.7% 

2,400 
32.0% 

700 
29.2% 

600 

3.5% 

Four- Year  college/ 
university 

300 
12.5% 

400 
10.5% 

500 
5.0% 

200 
10.0% 

1,200 
19.7% 

1,200 
16.0% 

300 
12.5% 

500 
2.9% 

Other  educational 
institution 

400 
16.7% 

1,100 
28.9% 

300 
3.0% 

100 
5.0% 

1.100 
18.0% 

1.200 
16.0% 

400 
16.7% 

100 
0.6% 

Business  and 
industry 

1,200 
50.0% 

1,700 
44.7% 

7,800 
77.2% 

1.200 
60.0% 

1.900 
31.1% 

2,700 
36.0% 

900 

37.5% 

13,200 
76.3% 

Nonprofit 
organization 

100 
4.2% 

100 
2.6 

100 
1.0% 

i 

100 
1.6% 

300 
4.0% 

100 

4.2% 

100 
0.6% 

Federal 
government 

100 
4.2% 

200 
5.3% 

400 
4.0% 

200 
10.0% 

600 
9.8% 

700 
9.3% 

100 

4.2% 

1,400 
8.1% 

State /local 
government 

100 
4.2% 

'- 

200 
2.0% 

200 
10.0% 

700 
11.5% 

1,000 
13.3% 

100 
4.2% 

600 
3.5% 

Other 

100 
4.2% 

300 
7.9% 

800 
8.0% 

200 
10.0% 

600 
9.8% 

400 
5.3% 

400 
16.7% 

1,400 
8.1% 

No  report 

'- 

s 

'- 

S 

« 

5 

i 

5 

-  Full-lime  graduate  smdents  are  excluded. 

-  Too  few  cases  to  report. 

SOURCE:  Calculated  from  Table  B-36  in  NSF,  1992b. 
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Respondents  to  Call  for  Comments 


The  committee  solicited  comments  on  the  current  graduate  education  system  from 
academia,  industry,  and  students.  These  comments  helped  the  committee  formulate  its  views. 
The  respondents  to  the  call  for  comments  are  listed  below. 


Mary  E.  Adamson 
Miles  Inc. 
Mobay  Road 
Pittsburgh,  PA 

John  Aheame 

Executive  Director 

Sigma  Xi 

Research  Triangle  Park,  NC 

Jame  S.  Allen 

Glaxo  Research  Institute 

Research  Triangle  Park,  NC 

Lawrence  F.  Ayers 
Executive  Vice  President 
Utilities  and  Mapping  Sciences 
Intergraph  Corp. 
Huntsville,  AL 


John  C.  Bailar 

Department  of  Epidemiology  and 

Biostatistics 
Montreal,  Quebec,  Canada 

J.F.  Bagley 

University  Programs  Focus  Group 

Battelle 

Pacific  Northwest  Laboratories 

Richland,  WA 

Mary  B.  Bennett 
Director  of  Operations 
Glaxo  Research  Institute 
Research  Triangle  Park,  NC 

William  O.  Bemdt 

Office  of  the  Vice  Chancellor  for 

Academic  Affairs 
University  of  Nebraska 
Omaha,  NE 
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U.  Narayan  Bhat 
Office  of  the  Dean 
Research  and  Graduate  Studies 
Southern  Methodist  University 
Dallas,  TX 


Chad  Gaffield 

Acting  Dean 

University  of  Ottawa 

School  of  Graduate  Studies  &  Research 

Ottawa,  Ontario,  Canada 


Rockey  K.  Bandlish 
Raleigh,  NC 

Peter  Bingham 

President 

Philips  Laboratories 

Briarcliff  Manor,  NY 

Marc  H.  Brodsky 
Executive  Director  and 

Chief  Executive  Officer 
American  Institute  of  Physics 
College,  Park,  MD 

Mary-Dell  Chilton 
Agricultural  Biotechnology 
CIBA-Geigy  Corp. 
Research  Triangle  Park,  NC 

Walter  Cohen 
Office  of  the  Dean 
Sage  Graduate  Center 
Cornell  University 
Ithaca,  NY 

Henry  H.  Dearman 
Dean,  Graduate  School 
University  of  North  Carolina 
Chapel  Hill,  NC 

Philip  H.  Francis 
Vice  President,  Technology 
Schneider  North  America 
Palatine,  IL 


David  L.  Goodstein 

Vice  Provost 

Professor  of  Physics  and  Applied  Physics 

California  Institute  of  Technology 

Pasadena,  CA 

Eileen  G.  Gorman 

Glasgow  Business  Community  707 

Newark,  DE 

William  Green 

Graduate  Coordinator,  Mathematics 

School  of  Mathematics 

Georgia  Institute  of  Technology 

Atlanta,  GA 

N.A.  Gjostein 

Director,  Materials  Research  Laboratory 

Ford  Motor  Company 

Dearborn,  MI 

Lowell  M.  Greenbaum 
Vice  President  for  Research 
Dean,  School  of  Graduate  Studies 
Medical  College  of  Georgia 
Augusta,  GA 

R.Z.  Gussin 

Corporate  Vice  President 
Science  and  Technology 
Johnson  &  Johnson 
News  Brunswick,  NJ 

Dennis  Guthrie 

Manager,  University  Relations 

DOW 

Midland,  MI 
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Robert  P.  Guertin 

Dean 

Graduate  School  of  Arts  and  Sciences 

Tufts  University 

Medford,  MA 


Robert  Carl  Johnson 

The  Graduate  School 

Office  of  the  Associate  Provost  and  Dean 

Miami  University 

Oxford,  OH 


Lawrence  H.  Hare 

Director,  Operations 

Martin  Marietta  Specialty  Components, 

Inc. 
Largo,  FL 

Thomas  P.  Hogan 
Dean 

Graduate  School 
University  of  Scranton 
Scranton,  PA 

Rae  Ann  Hallstrom 
Babcock  &  Wilcox 
Barberton,  OH 


Marie-Louise  Kagan 
Syracuse,  NY 

Fritz  R.  Kalhammer 

Vice  President 

Strategic  Research  and  Development 

EPRI 

Palo  Alto,  CA 

Ronald  S.  Kane 
Assistant  Vice  President 

for  Academic  Affairs 
Graduate  Studies 

New  Jersey  Institute  of  Technology 
Newark,  NJ 


Thomas  M.  Hellman 
Vice  President 
Environmental  Affairs 
Bristol-Myers  Squibb  Co. 
New  York,  NY 

Roy  C.  Herrenkohl 

Vice  Provost  for  Research  and 

Dean  of  Graduate  Studies 
Whitaker  Laboratory 
Bethlehem,  PA 

Joseph  W.  Helmick 

Dean  of  Graduate  Studies  and  Research 

Texas  Christian  University 

Fort  Worth,  TX 

C.  Demis  Ignasis 

Office  of  the  Vice  President 

University  of  Maryland  Eastern  Shore 


Cliff  Kottman 
Intergraph  Corp. 
Reston,  VA 

Frederick  J.  Krambeck 

Senior  Consultant 

Mobil  Research  and  Development 

Corporation 
Paulsboro  Research  Laboratory 
Paulsboro,  NJ 

Michael  A.  Kriss 

Director 

Community  Outreach  Program 

Center  for  Electronic  Imaging  Systems 

University  of  Rochester 

Rochester,  NY 
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Henry  S.  Leonard 
Professor  and  Director  of 

Graduate  Studies 
Northern  Illinois  University 
DeKalb,  IL 


Otto  Von  Merring 
Professor  and  Director 
Center  for  Gerontological  Studies 
University  of  Florida 
Gainesville,  FL 


Diandra  L.  Leslie-Pelecky 

Center  for  Materials  Research  &  Analysis 

University  of  Nebraska 

Lincoln,  NE 

Charles  N.  Li 

Dean 

Graduate  Division 

University  of  California,  Santa  Barbara 

Santa  Barbara,  CA 

Bill  Linder-Scholer 
Cray  Research,  Inc. 
Eagan,  MN 

Pat  M.  Loman 
Shell  Development  Company 
Westhollow  Technology  Center 
Houston,  TX 

Carl  D.  McAulay 

General  Manager 

Fred  L.  Hartley  Research  Center 

Brea,  CA 

C.  Gordon  McCarty 
Miles,  Inc. 
Mobay  Road 
Pittsburgh,  PA 

Kenneth  O.  McFadden 
Vice  Presdent,  Research  Division 
W.R.  Grace  &  Company 
Columbia,  MD 


Richard  A.  Milbum 
Senior  Vice  President 
Grumman  International 
Arlington,  VA 

J.C.  Mihm 
Senior  Vice  President 
Phillips  Petroleum  Company 
Bartlesville,  OK 

Steve  Mitchell 

Bioacoustics  Research  Program 
Cornell  Lab  of  Ornithology 
Ithaca,  NY 

Nancy  K.  Morgan 
Corporate  Product  Integrity 
Mattel,  Inc. 
El  Segundo,  CA 

Roger  Morton 
Business  Unit  Manager 
Depth  Imaging 
Eastman  Kodak  Company 
Rochester,  NY 

John  H.  Nelson 
Vice  President 
Science  and  Technology 
McCormick  &  Company,  Inc. 
Sparks,  MD 

Jack  Nelson 
Acting  Dean 
Office  of  the  Dean 
Temple  University 
Philadelphia,  PA 


RESPONDENTS  TO  CALL  FOR  COMMENTS 


313 


James  M.  Pearson 
Manager,  Doctoral  Recruitment 
University  Relations 
Eastman  Kodak  Company 
Rochester,  NY 

Timothy  J.  Pettibone 
Dean,  The  Graduate  School 
New  Mexico  State  University 
Las  Cruces,  NM 


J.W.  Powers 

Manager,  Chemistry  Laboratory 
Packaging  Products  Group 
Muncie,  IN 

Frederic  Quan 

Manager  of  Research  Contracts 

Coming,  Inc. 

Technology  Sales  and  Licensing 

Coming,  NY 


Robert  D.  Phemister 

Office  of  the  Dean 

College  of  Veterinary  Medicine 

Comell  University 

Ithaca,  NY 


Mary  Lee  Seibert 
Assoicate  Provost  and 

Dean  of  Graduate  Studies 
Ithaca  College 
Ithaca,  NY 


Henry  C.  Pilot 

Professor  of  Onocology  and  Pathology 
McArdle  Laboratory  for  Cancer  Research 
Madison,  WI 

Gary  W.  Poehlein 

Vice  President  for  Interdisciplinary 

Programs 
Georgia  Institute  of  Technology 
Atlanta,  GA 


Raymond  Seltzer 
Ciba  Additives 
Ciba-Geigy  Corporation 
Ardsley,  NY 

Peter  R.  Schneider 

Office  of  IBM  Vice  President, 

Development  and  Environmental  Affairs 
International  Business  Machines 
Somers,  NY 


Joseph  A.  Potenza 

Provost 

Office  of  the  Provost  and  the 

Graduate  School 
Rutgers 
New  Bmnswick,  NJ 

Frank  L.  Powell 

Associate  Professor  of  Medicine 

University  of  San  Diego 

La  JoUa,  CA 


Leslie  B.  Sims 
Dean 

University  of  Iowa 
Iowa  City,  I A 

James  A.  Schafer 

University  of  Alabama,  Birmingham 

Birmingham,  AL 

Mary  Ellen  Scott 
Cleveland,  OH 


314 


RESHAPING  THE  GRADUATE  EDUCATION  OF  SCIENTISTS  AND  ENGINEERS 


John  T.  Snow 

Dean,  College  of  Geosciences 
American  Meteorological  Society 
Boston,  MA 

David  Sorensen 

Executive  Director 

3M  Coporate  Technical  Planning 

and  Coordination  Department 
St.  Paul,  MN 

Gene  Strull 

Technology  Consultant 
Baltimore,  MD 

Susan  Schwartz-Giblin 
Professor  Physiology 
Vice  Dean,  Graduate  School 
Hahnemann  University 
Philadelphia,  PA 

Robert  E.  Thach 

Dean,  Graduate  School  of  Arts  and 

Sciences 
Washington  University 
St.  Louis,  MO 

Roger  Thies 
College  of  Medicine 
University  of  Oklahoma 
Oklahoma  City,  OK 


Ed  Wasserman 

Central  Research  and  Development 
E.I.  du  Pont  de  Nemours 
Wilmington,  DE 

Robert  Wheeler 

Department  of  Mathematical  Sciences 
Northern  Illinois  University 
DeKalb,  IL 

Linda  S.  Wilson 
President 
Radcliffe  College 
Cambridge,  MA 

Chauncey  Wood 
Dean  of  Graduate  Studies 
McMaster  University 
Hamilton,  Ontario,  Canada 


Steadman  Upham 

President,  Western  Association 

of  Graduate  Schools 
Graduate  School 
University  of  Oregon 
Eugene,  OR 


315 

E 

Panelists 


A  number  of  panels  provided  input  to  the  committee  deliberations  on  graduate  education. 
These  panelists,  which  represent  faculty,  graduate  school  deans,  students,  post-doctorates, 
women,  minorities,  and  industry  are  listed  below. 
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Call  for  Comments:  Summary  of  Responses 


The  committee  solicited  comments  from  more  than  1,000  persons:  graduate  students, 
postdoctoral  students,  professors,  university  administrators,  industry  scientists  and  executives, 
and  representatives  of  scientific  societies.  More  than  100  responses  were  received,  of  which 
about  half  came  from  industry. 

The  committee  noted  several  trends  in  the  responses.  There  were  general  support  for  the 
current  concept  of  PhD  education  (with  a  variety  of  suggestions  for  improvement,  as  outlined 
below),  support  for  closer  ties  between  the  universities  and  industry,  support  for  improved 
student  counseling,  and  opposition  to  artificial  limits  on  enrollments. 

Although  the  call  for  conunents  was  not  a  formal  survey,  we  thought  it  would  be  useful 
to  summarize  the  information  gathered  to  indicate  the  diversity  of  views  held  by  those  with  a 
stake  in  the  success  of  our  system  of  graduate  education. 


EMPLOYER  EVALUATION  OF  PHD  TRAINING 


Overview 


Industry  and  academic  administrators  generally  responded  favorably  to  the  current 
concept  of  PhD  training.  Most  comments  affirmed  US  superiority  in  graduate  education,  but 
with  the  observation  that  there  is  always  room  for  improvement.  No  substantial  dissatisfaction 
was  described.  The  following  statement  typifies  the  general  sentiment:  "We  may  see  some 
specific  difficulties  in  the  relationship  between  academe  and  the  profession  it  is  intended  to 
serve,  but  the  structure  itself  is  generally  sound." 
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Preparation  for  Industry 


However,  some  concerns  were  expressed  about  the  level  of  additional  education  that  is 
needed  before  recent  graduates  become  fully  participatory  employees.  Here  is  an  example  of 
a  response  from  one  major  industrial  employer  that  hires  150-400  advanced-degree  people  into 
its  laboratories  each  year  from  many  universities  and  in  many  disciplines: 


Even  "the  best  of  the  crop"  take  anywhere  from  6  months  to  2  years  to  become 
good,  productive  industrial  researchers.  Most  recent  graduates,  particularly  those 
who  have  not  summer-interned,  do  not  have  the  foggiest  idea  of  what  industrial 
research  is  all  about.  Some  even  think  that  using  or  developing  technology  to  do 
something  useful  is  not  research  and  if  it  is  a  product  that  makes  a  profit,  is  even 
slightly  dishonorable. 


Preparation  for  Teaching 


Almost  everyone  expressed  support  for  better  preparation  of  graduate  students  for 
teaching.  Respondents  generally  cited  numerous  reasons  for  this  improvement,  including  the 
following: 


•  Students  pay  high  tuition  for  instruction,  and  they  deserve  better.  Courses  taught 
via  recitation  do  not  help  students  learn  or  graduate  students  teach. 

•  It  is  wrong  to  assume  that  anyone  working  on  a  PhD  is  automatically  able  to 
teach. 

•  Students  aiming  at  careers  in  academe  should  take  formal  teacher-training  courses 
to  learn  pedagogy  as  well  as  they  learn  research. 


For  example,  the  following  comment  is  from  a  graduate  dean  and  provost: 


I  have  long  been  concerned  about  the  teaching  expectations  of  graduate 
students— all  graduate  students,  not  just  in  the  sciences  and  engineering.  How  we 
can  expect  that  an  individual  will  intuit  teaching  skills  is  an  amazement.  While 
teaching  is  somewhat  an  art,  there  are  many  skills  and  techniques  that  need  to  be 
learned  before  an  individual  should  be  turned  loose  to  teach  a  course.  We  do  our 
graduate  students  no  service,  and  certainly  provide  no  service  to  the  teachers,  if 
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we  expect  them  to  function  in  that  capacity.  ...They  also  need  to  be  prepared  to 
be  academic  advisors.  It  is  not  enough  to  walk  into  a  class  and  conduct  that 
experience.  If  graduate  students  are  to  be  teachers,  they  need  to  know  how  to 
interact  outside  the  classroom  with  undergraduate  students,  providing  them  the 
support  that  they  should  have  during  their  undergraduate  experience. 


This  is  another: 


The  universities  are  not  doing  any  better  in  training  PhDs  for  academe  either. 
Except  for  the  recent  initiatives  taken  by  some  universities  in  giving  them  pointers 
on  effective  teaching,  generally  their  training  is  in  a  narrow  area  of  research  and 
they  are  faced  with  on-the-job  training. 


Master's  versus  PhD  Degrees 


Expectations  for  those  with  master's  degrees  and  PhDs  are  slightly  different.  Here  is  an 
overview  from  a  major  company: 


In  the  case  of  PhDs  we  are  looking  for  high  intelligence  and  creativity,  the  ability 
to  originate  and  conduct  independent  research,  a  research  background  involving 
at  least  a  solid  thesis  research  experience,  and  the  potential  breadth  of  talent  to 
move  from  one  research  field  to  another.  The  flexibility  required  by  the  latter 
point  is  important  to  us  because  we  cannot  hire  new  talent  every  time  we  wish  to 
enter  new  research  fields. 

We  are  also  looking  for  excellent  communication  and  interpersonal  skills,  so  that 
with  proper  training  they  can  develop  into  potential  management  candidates  both 
in  the  research  organization  and  in  management  positions  in  our  operations.  We 
have  had  a  good  track  record  in  our  research  organization  in  supplying  high- 
caliber  talent  to  our  operations. 

In  the  case  of  MS  candidates,  we  are  looking  for  the  same  kind  of  talents,  except 
we  do  not  expect  experience  in  conducting  research. 
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Changing  Environment 


Another  consistent  comment  was  on  the  changing  environment— in  both  the  industrial 
world  and  the  academic  world.  The  following  comment  is  from  the  dean  at  a  major  graduate 
school: 


Graduates  are  not  necessarily  being  well  trained  to  participate  in  much  of  our 
high  educational  system  as  faculty:  facilities  for  front-line  research  in  sciences 
are  not  likely  to  get  less  costly.  Not  many  colleges  and  universities  will  be  able 
to  afford  the  kinds  of  equipment  required  for  faculty  to  make  significant 
contributions  to  science  in  many  areas.  If  this  is  true,  most  academic  PhD 
positions  will  be  in  institutions  which  do  not  have  essential  facilities  for  what  is 
viewed  by  these  fields  as  cutting-edge  research.  Either  the  faculty  in  such 
institutions  will  have  to  carve  out  areas  of  research  which  don't  rely  on  expensive 
equipment,  or  they  will  have  to  change  their  expectations  of  being  significant 
players  on  the  national  and  international  science  scene.  It  may  be  that  there 
should  be  some  effort  devoted  to  training  PhDs  for  research  appropriate  to  those 
other  institutions,  either  for  enhancing  their  instructional  roles  or  for  providing 
them  with  realistic  lines  of  research. 


This  is  an  industry  perspective: 


In  my  judgment,  educating  and  training  students  to  do  research  as  well  as 
conducting  basic  research  are  still  the  primary  objectives  of  graduate  programs. 
However,  it  must  be  responsive  to  changing  national  policies  and  industrial 
needs....  I  would  agree  that  the  American  graduate  system  has  been/is  a  great 
success.  However,  to  ignore  the  indicators  that  show  change  is  needed  would  be 
a  mistake.  Clearly,  the  challenge  ahead  is  to  retain  the  best  of  the  system  while 
making  the  changes  that  will  strengthen  the  nation's  outstanding  research 
universities  and  make  them  more  responsive  to  the  nation's  needs. 


Yet  another  comment  is  the  following: 


The  days  when  a  person  could  do  a  PhD  thesis  in  surface  thermodynamics  (as  I 
did)  and  reasonably  expect  to  work  in  the  field  for  a  career  are  over— and  I  think 
will  never  return.    One  must  be  ready  with  the  skills  to  change  one's  area  of 
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focus  several  times  over  a  career.   Most  PhD  education  is  training  people  in  the 
exact  opposite  direction,  and  I  think  this  needs  to  be  changed  promptly. 


Broad  versus  Specialized  Education 


Respondents  indicated  some  general  concerns  about  the  level  of  specialized  training  some 
graduates  receive; 


Unfortunately,  the  training  the  graduates  receive  in  universities  is  not  directed  to 
any  specific  career  path.  Most  of  the  time,  after  some  necessary  training  in  their 
background,  graduate  students  are  pushed  into  narrow  specialization.  The 
consequence  of  such  training  is  that  many  of  them  lack  the  breadth  for  work  in 
industry.  From  what  I  have  seen  from  the  job  offers  received  by  our  engineering 
students,  they  are  successful  with  relatively  less  effort  if  their  research  topic 
and/or  their  assistantship  experience  is  closely  related  to  the  prospective  job 
description. 


And  they  recommended  a  broader  education  for  graduate  students.    One  stated. 


we  may  place  a  new  employee  in  a  position  which  exploits  any  special  expertise  he/she 
may  have  gained  in  order  to  provide  "a  soft  landing,"  but  [he  or  she]  will  eventually  be 
called  upon  to  handle  a  wide  range  of  problems  that  go  far  beyond  the  training  received 
during  the  completion  of  the  PhD. 


A  vice  president  of  an  applied-research  organization  wrote,  "Everything  else  being  equal, 
individuals  with  graduate  training  cutting  across  areas  of  engineering,  management  and  business 
will  mm  into  better  candidates  for  employment  than  more  narrowly  educated  specialists. " 

But  one  industry  respondent  warned,  "It's  a  terrible  idea  to  turn  [PhDs]  into  some  kind 
of  generalists  who  don't  know  anything  deeply." 

Nevertheless,  here  is  a  comment  from  an  international  corporation: 


Why  are  industries  such  as  ours  not  more  accepting  of  PhDs  with  little  or  no 
experience?  Because  many  fresh  PhDs  see  their  research  area  as  their  sole  focus. 
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at  least  for  the  immediate  future.  They  generally  tend  to  be  very  narrow.  And, 
more  important,  they  generally  have  no  meaningful  understanding  of  the  business 
of  business.  Some  might  say  that  such  understanding  is  the  responsibility  of 
business  to  provide.  I  say  no.  A  highly  trained  scientist  and  engineer  cannot  be 
very  effective  if  she/he  has  no  knowledge  at  all  of  how  a  company  is  organized 
and  why,  lacks  understanding  about  the  principal  staff  and  operating  functions, 
is  ignorant  of  the  rudiments  of  accounting  and  finance,  is  unaware  of  product 
liability  issues  that  directly  affect  product  development,  etc.,  etc.  Industry  cannot 
be  expected  to  deliver  such  training  and  education  in  a  short  period  of  time. 
True,  with  years  of  experience  working  in  industry  such  knowledge  is  slowly 
acquired— but  it  is  an  extremely  inefficient  transfer  mechanism.  Meanwhile,  in 
the  early  years  when  the  new  technologist  is  working  without  awareness  of  these 
forces  and  boundary  conditions,  that  person  cannot  be  as  effective  as  she/he 
otherwise  might  be.    Careers  are  throttled. 


And  this  is  another: 


Most  of  the  new  PhDs  that  we  hire  seem  to  be  relatively  well  prepared  for 
careers  in  our  organization.  I  would  urge,  however,  that  rather  than  move 
towards  increasing  specialization,  which  occurs  very  early  in  their  training,  the 
students  should  be  given  a  broad  array  of  courses  in  related  areas  early  in  their 
training.  I  have  the  impression  that,  also  from  day  one  in  their  program,  students 
are  now  put  into  laboratories  and  given  a  research  project  so  that  they  can 
develop  the  knowledge  and  skills  in  their  specific  area  of  activity  to  allow  them 
to  complete  for  grants  in  the  future.  However,  it  has  been  my  observation  that 
this  type  of  training  limits  their  ability  to  participate  in  multidisciplinary  teams 
that  are  often  necessary  in  the  industrial  setting. 


CHANGING  THE  CURRENT  GRADUATE  EDUCATIONAL  SYSTEM 


How  should  this  change  the  current  graduate  educational  system?  Respondents  agreed 
that  the  apprenticeship  system  of  learning  research  should  be  preserved.  At  the  same  time, 
many  in  industry  expressed  a  desire  for  mentors  to  be  more  open  to  the  changing  needs  of 
industry.  Some  professors  and  administrators  favoring  apprenticeship  thought  that  their 
programs  already  produced  the  kind  of  flexibility  that  industry  desires.  For  example,  a  dean 
noted,  "We  must  not  change  [apprenticeship]...  however,  ...[it]  can  also  produce  a  very  narrow 
specialist  who  is  confined  and  limited  by  departmental  or  disciplinary  perspectives,  even  though 
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the  obvious  trend  within  the  sciences  is  a  breaicing  down  of  these  barriers  and  a  movement 
towards  greater  interdisciplinary  perspective. " 


Expanded  Experiences 


There  was  also  a  general  concern  that  students  need  to  expand  the  experiences  they  have 
during  graduate  school: 


It  is  our  general  finding  that  US  graduate  schools  successfully  continue  their 
tradition  of  producing  well-educated  scientists  and  engineers  that  are  capable  of 
making  important  contributions  in  their  chosen  fields.  We  also  believe  that  the 
effectiveness  of  these  graduates  could  be  enhanced  through  practical  ("hands-on") 
experiences/traineeships,  functioning  as  a  member  of  a  (multidisciplinary)  team, 
strengthened  interpersonal  skills,  ability  to  communicate  clearly  the  purpose 
(including  the  "strategic"  value  and  relevance  of  the  activity  in  question),  and 
substantial  knowledge  of  the  business  environment/culture  (including  project 
management  fiindamentals,  time/effort/budget  deliverables,  sensitivity  to  human 
resource  concerns,  safety,  intellectual  property,  etc.). 


Skill  Expansion 


In  general,  employers  do  not  feel  that  the  current  level  of  education  is  sufficient  in 
providing  the  following  skills  and  abilities  for  the  people  that  they  are  interested  in  employing: 


positions). 


For  example: 


Communication  skills  (including  teaching  and  mentoring  abilities  for  academic 

Appreciation  for  applied  problems  (particularly  in  an  industrial  setting). 
Teamwork  (especially  in  interdisciplinary  settings). 


We  look  for  top-notch  technical  skills  and  some  evidence  of  ability  to  "reduce  to 
practice"  the  technologies  the  candidate  has  been  involved  in.   If  we  look  at  new 
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graduates,  we  look  for  curiosity  about  and  an  appreciation  for  practical 
applications  of  science.  As  we  move  away  from  independent,  stand-alone 
research,  and  toward  more  team  projects,  we  screen  and  hire  candidates  based  on 
their  ability  to  work  in  teams,  to  lead  collaborations  and  teams  in  an  effective 
way.  Skills  like  project  management,  leadership,  planning  and  organizing, 
interpersonal  skills,  adaptability,  negotiation,  written  and  oral  communication  and 
solid  computer  knowledge/utilization  and  critical  for  an  industrial  R&D 
scientist/engineer.  If  you  walk  on  water  technically  but  can't  or  won't  explain 
or  promote  your  ideas  and  your  science,  you  won't  get  hired.  If  you  do  get 
hired,  your  career  will  stall. 


GRADUATE-EDUCATION  ISSUES 


Respondents  were  also  asked  about  a  number  of  key  graduate-education  issues. 


Limiting  Enrollments 


Industry  and  administrators  seemed  to  agreed  that  limiting  enrollments  was  the  job  of 
market  forces;  professors  disagreed.  As  a  justification  of  limitations,  they  often  cited  an  internal 
necessity,  such  as  resource  or  space  limitations,  rather  than  a  desire  to  affect  the  overall  market. 
An  industry  respondent  wrote,  "Limiting  enrollments  is  a  drastic  action  to  take  since  the  law  of 
supply  and  demand  will  usually  bring  about  a  correction,  albeit  several  years  out  of  phase.  In 
a  few  particular  disciplines,  e.g. ,  chemical  engineering,  limiting  enrollment  at  the  PhD  level  may 
need  to  be  seriously  considered."    A  dean  wrote: 


I  would  be  hard  pressed  to  argue  that  the  world  can  ever  have  too  many  persons 
trained  in  the  methods  of  inquiry. . . .  The  experience  of  students  graduating  with 
PhDs  in  the  humanities  in  the  1970s  showed  us  that  good  minds  well  trained  will 
find  a  way  to  make  a  difference  in  places  that  didn't  even  know  they  needed  or 
wanted  PhD  holders.    Such  may  be  the  case  with  science  and  engineering.... 
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This  is  from  a  graduate  adviser: 


I  am  skeptical  about  the  utility  of  attempts  to  manage  enrollment;  it  is  simply  too 
hard  to  predict  what  is  appropriate,  let  alone  optimal.  We  at  [our  university] 
have  been  asked  to  control  graduate  enrollment,  but  I  suspect  that  the  real 
controls  are  still  market  mechanisms. 


Time  to  Degree 


There  was  nearly  uniform  agreement  that  the  time  to  degree  completion  or  initial 
employment  is  becoming  longer.  Many  respondents  favored  shortening  the  time  to  degree,  but 
others  noted  that  adding  teacher  training,  minor  degrees,  and  other  projects  for  graduate  students 
could  add  to  the  time  to  degree  and  make  it  less  easy  to  identify.  A  dean  remarked,  "It  is  not 
clear  that  7  to  12  years  of  graduate  work  is  either  required  or  appropriate  for  most  positions  in 
business  or  industry." 


National  Goals 


A  question  about  national  goals  for  graduate  education  drew  a  common  response:  there 
are  none.  A  common  impression  was  that  graduate  education,  though  considered  the  "best  in 
the  world,"  is  generally  rudderless  without  the  external  stimuli  of  the  type  provided,  for 
example,  by  Sputnik  and  the  Cold  War.  A  professor  at  the  New  Jersey  Institute  of  Technology 
wrote,  "The  problem  is  one  of  national  focus  and  goals  and  not  the  education  to  support  them. 
There  does  not  seem  to  be  a  unifying  technological  endeavor  or  an  idealized  goal  with 
technological  underpinnings,  to  inspire  our  students  and  engender  popular  support." 


Conclusion 


In  conclusion,  the  themes  of  the  anecdotal  information  collected  via  the  committee's  call 
for  comments  indicates  that  although  employers  are  generally  pleased  with  the  result  of  US 
graduate  education,  they  have  some  specific  concerns  as  to  the  breadth,  versatility,  and  skill 
development  in  that  education.    Furthermore,  they  are  concerned  that  the  graduate  education 
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system  as  it  exists  today— although  acceptable  for  the  past  employment  world— is  less  and  less 
acceptable  in  today's  more  global  world. 


INTERESTING  IDEAS 


Many  interesting  ideas  were  suggested  by  the  respondents,  and  they  are  summarized 
below.  The  committee  did  not  have  the  resources  to  evaluate  all  suggestions  fully,  so  it  presents 
them  here  for  further  thought  and  discussion.  They  are  divided  into  three  categories:  career 
preparation,  information  needs,  and  funding.  Each  is  summarized  as  action  items  and  advice 
for  universities,  industry,  students,  and  the  federal  government. 

After  the  responses  were  received,  the  committee  decided  to  conduct  a  separate  survey 
on  information  needs;  a  summary  of  the  survey  results  is  provided  in  Appendix  G. 


Career  Preparation 


Universities  should 


together. 


Initiate  more  collaborative  arrangements  with  employers.  ' 

Initiate  more  opportunities  for  research  programs  in  association  with  industry. 

Eliminate  tenure  so  that  diverse  teams  of  full-time  and  adjunct  faculty  can  work 


•  Elevate  manufacturing  to  the  same  level  as  the  arts. 

•  Enrich  the  science  and  engineering  curriculum  to  include  training  in  interpersonal 
communication,  technical  writing,  team  skills,  business-process  management,  accounting,  and 
competitive  assessment. 

•  Seek  industrial  appointments  and  sabbaticals  for  their  faculty. 

•  Require  that  graduate  students  who  teach  be  supervised  on  their  first  assignment 
by  persons  who  can  give  them  advice  feedback  on  style  and  method. 

•  Help  students  to  complete  their  education  expeditiously. 

•  Continue  to  train  research  scientists  of  the  highest  caliber. 

•  Replace  half  the  PhD  candidates'  course  load  for  the  first  year  with  some  form 
of  apprenticeship. 


328 


CALL  FOR  COMMENTS:  SUMMARY  OF  RESPONSES 


Industry  should 


•  Provide  more  internships  in  which  academic  fundamentals  can  be  applied  in  real- 
world  problems. 

•  Seek  persons  who  have  the  ability  to  conceptualize,   apply,   develop,   and 
continuously  improve  processes  or  products  that  can  be  sold  at  a  profit. 

•  Support  more  "centers  of  excellence"  to  eliminate  duplication  of  effort. 


Industry  is  looking  for 


•  Persons  trained  and  specialized  in  the  traditional  scientific  disciplines  who  can 
integrate  skills  with  science. 

•  Persons  with  good  writing  skills. 

•  University-trained  graduate  students  who  are  knowledgeable  about  safety,  quality, 
statistics,  and  communication  and  who  have  good  interpersonal  skills. 

•  Highly  technical  employees  and  general  managers. 

•  Persons  who  can  negotiate  with,  work  with,  and  lead  others  on  a  team  (broadly 
trained  scientists). 

•  Persons  who  can  originate  and  conduct  independent  research. 


Students  should 


Take  courses  dealing  with  "applied  interdisciplinarianism." 

Take  a  minor  and  more  courses  outside  their  specialties. 

Submit  a  proposal  detailing  the  plans  for  their  primary  research  efforts. 


Information  Needs 


Universities  should 


•  Collect  benchmarking  data  to  monitor  the  quality  of  approved  programs  and  to 
try  to  satisfy  hiring  patterns  of  employers  who  regularly  draw  from  particular  program. 

•  Improve  student  counseling  so  that  those  plaiming  PhD  in  the  basic  sciences 
understand,  in  advance,  what  the  government  gauges  as  appropriate  for  a  PGYl  PhD  salary. 
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•  Assess  the  needs  for  professors  and  doctoral-level  industrial  personnel,  translate 
the  results  of  this  assessment  into  a  set  of  goals,  and  design  strategies  to  achieve  the  goals. 

•  Offer  students  some  comment  about  job  prospects  and  frank  cautions  where  job 
prospects  are  poor,  as  in  physics.  Disclosure  of  programs'  completion  rates  and  completion 
times  would  help  prospective  students  to  make  informed  choices. 


Funding 


Universities  should 


•  Reduce  their  size  by  establishing  quality  criteria  for  doctoral  programs. 

•  Refocus  their  funds  through  wider  use  of  fellowships  than  of  institutional  grants. 

•  Provide  adequate  preparation  of  scientist  by  using  methods  that  do  not  depend  on 
external  funding  sources.  Dependence  of  doctorates  in  the  sciences  on  external  (federal)  funding 
makes  programs  vulnerable. 

•  Stop  defending  lower  quality  programs-some  institutions  are  better  prepared  to 
deliver  first-class  PhD  education. 

•  Bring  the  cost  of  graduate  research  assistants  in  line  with  the  cost  of  laboratory 
technicians. 

•  Improve  teaching  by  establishing  a  policy  that  senior  graduate  students  can  apply 
for  federal  grants  to  supplement  their  support  and  in  exchange  teach  graduate  courses. 


The  federal  government  should 


•  Grant  more  fellowships  directly  to  students,  which  would  separate  financial 
support  from  the  research  process. 

•  Set  guidelines  so  that  no  professor  can  be  funded  for  more  than  five  research 
assistantships;  this  would  curtail  empire  building  and  encourage  collaboration. 

•  Create  a  category  of  funding  open  to  all  faculty  members,  regardless  of  seniority. 

•  Restrict  the  number  of  foreign  students  on  federal  grants;  this  would  force 
institutions  to  look  inward  for  their  supply  of  graduate  students  and  make  more  of  an  effort  to 
coach  them. 

•  Levy  a  surtax  on  employment  of  foreign  graduate  students,  i.e.,  require  more 
money  for  scholarship  fiinds  for  each  foreign  student  used. 


330 


CALL  FOR  COMMENTS:  SUMMARY  OF  RESPONSES 


•  Eliminate  NSF  graduate  fellowships  and  redirect  the  money  to  research  funding. 
Their  fellowships  are  outdated  and  send  the  erroneous  message  to  students  that  the  nation  needs 
more  scientists. 

•  Provide,  with  state  governments,  financial  support  for  advanced  graduate  students 
to  visit  public  universities  and  liberal-arts  colleges  for  one  semester  as  professorial  interns. 


Industry  should 


•  Help  to  change  the  science  and  engineering  culture  by  setting  aside  a  small  amount 
of  R&D  money  for  internships  for  graduate  students. 

•  Cooperate  with  funding  agencies  in  preparing  and  reviewing  requests  for  proposals 
without  requiring  rights  to  intellectual  property  as  long  as  there  is  no  direct  monetary  support. 


331 


G 


Summary  of  Responses  to  Survey 
ON  Information  Needs 


In  gathering  data  for  this  study,  the  committee  asked  scientists  and  engineers  who  have 
recently  completed  graduate  degrees  to  describe  the  information  they  feel  is  necessary  for 
students  to  make  sound  decisions  about  graduate  education.  We  asked  three  questions  about 
each  of  several  topics: 


•  "What  do  you  know  today  that  you  wish  you  knew  when  you  were  a  student?" 

•  "What  are  the  top  8-10  key  areas  that  students  need  to  know  about  in  order  to 
make  academic  and  career  decisions?" 

•  "When  do  you  think  students  need  this  information?" 


We  found  the  responses  to  the  questions  interesting  enough  to  warrant  the  detailed 
summary  offered  below.  One  surprising  result  was  that  students  did  not  desire  career  placement 
information  as  much  as  career  guidance  information.  They  also  have  a  strong  interest  in 
information  on  the  graduate  education  process  itself.  As  a  result,  the  committee  may  consider 
developing  a  document  to  provide  such  guidance. 

On  the  topic  of  the  graduate  education  process,  students  need  to  know  more  about: 


•  The  focus  of  graduate  education.    In  particular,  students  should  use  research  to 
"train  the  mind"  rather  than  simply  to  acquire  techniques  used  in  the  "real  world." 

•  The  chronology  of  a  PhD  program,  and  what  is  required  at  each  step. 
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•  The  differences  between  careers  in  specific  subfields  (e.g.,  astrophysics,  plasma 
physics,  particle  physics).  Which  are  the  'successful'  fields  of  research?  Which  offer  the  best 
job  opportunities? 

•  The  extent  to  which  one  should  narrowly  specialize  within  a  particular  subfield. 
For  some  positions  (e.g.,  post-doctoral  positions)  and  fields,  specialization  is  considered  an 
asset.    For  others  (e.g.,  industry  positions)  it  is  considered  a  liability. 

•  Alternative  areas  of  study  beyond  pure  science  (students  need  to  be  assured  that 
alternative  areas  are  worthy). 

•  Maturity  as  an  asset  in  graduate  school.  Although  the  "traditional"  path  is  to  enter 
graduate  school  directly  from  a  bachelor's  degree  program,  a  year  or  two  of  experience  allows 
the  smdent  to  mature. 

•  The  political  nature  of  science.  Graduate  school  is  more  than  classes.  It  is: 
choosing  an  adviser,  defining  a  thesis  project,  giving  seminars  on  your  subject,  networking,  and 
many  more  activities  which  require  "people  skills. "  Students  need  to  understand  in  detail  how 
advisers  have  influence  over  a  student's  future. 

•  The  importance  of  research:  Students  should  know  that  they  will  be  evaluated  in 
terms  of  their  research  productivity  as  a  graduate  student  and  as  a  postdoctorate. 

•  Developing  a  successful  grant  may  take  as  much  effort  as  completing  a  master's 
thesis. 

•  The  importance  of  smdent  funding  as  a  criterion  for  judging  the  quality  level  of 
a  program. 

•  The  importance  of  the  difference  between  state  universities  and  private  universities 
in  regard  to  their  treatment  of  foreign  students. 

•  Alternatives  to  an  American  PhD  that  can  be  pursued  abroad.  For  example,  in 
the  British  system,  a  graduate  degree  requires  only  a  thesis  (no  classwork)  and  has  a  typical 
time-to-degree  of  3  years. 


CAREER  GUTOANCE  INFORMATION 


•  The  importance  of  working  in  a  field  before  making  the  decision  to  enter  that 
field.  For  example,  bright  young  college  students  who  become  technicians  in  an  area  learn  a 
great  deal  about  professional  jobs  in  that  area  as  well  as  inside  information  on  how  the  field 
operates. 

•  The  importance  of  the  university  one  attends  and  the  standing  of  one's  faculty 
adviser  (the  "prestige  factor")  if  one  plans  to  go  into  academia  or  research. 

•  The  difficulty  of  obtaining  and  retaining  tenured  faculty  positions. 

•  The  typical  career  structure  in  science  and  the  range  of  differences,  versus 
stereotypes  portrayed  in  the  media.  Some  jobs  are  "high-paying  and  wonderful";  others  are 
"slave  labor. " 
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•  The  potential  to  successfully  advance  in  a  career  as  an  academic  or  industrial 
scientist.    What  are  the  attrition  rates  between  graduate  school  and  tenure? 

•  The  sectors  that  employ  scientists  in  given  fields  and  subfields,  and  the  average 
age  of  scientists  in  those  areas. 

•  A  realistic  comparison  between  careers  in  science  and  careers  requiring  other 
advanced  degrees,  such  as  an  M.D.,  J.D.,  or  MBA. 

•  The  variance  in  salaries  and  competition  levels  among  fields  and  subfields. 

•  The  importance  of  seeking  career  information  from  academics,  industrial 
scientists,  and  others  with  nonacademic  careers  instead  of  relying  only  on  universities  to  provide 
such  information. 

•  Acknowledgement  that  the  employment  market  for  scientists  and  engineers  upon 
graduation  is  unpredictable.  Many  students  assume  that  positions  will  be  available  when  needed. 
There  are  no  such  guarantees. 

•  Students  would  benefit  from  knowing  how  a  career  evolves  beyond  the  'first  job'. 
Departments  could  maintain  a  list  of  the  career  paths  of  their  graduates.  (Descriptions  of  career 
paths  could  remain  anonymous.) 

•  An  overview  of  the  working  world  in  a  given  field.  What  are  the  opportunities, 
expectations,  pressures,  and  rewards;  how  do  employers  view  and  treat  their  employees. 

•  Quality  information  and  discussion  forums  for  young  scientists  made  available  on 
the  Internet  to  balance  the  advice  they  receive  from  senior  scientists. 

•  The  counterintuitive  concept  that  earning  a  PhD  is  considered  by  some  to 
"overqualify"  a  person  for  many  types  of  positions  (e.g.,  performing  technical  work  that  does 
not  require  research  skills).  Sometimes  one  is  more  employable  with  a  bachelor's  or  master's 
degree  than  with  a  PhD. 

•  Some  potential  employers,  such  as  the  National  Institute  of  Standards  and 
Technology,  do  not  generally  hire  permanent  employees  through  normal  procedures.  One  must 
first  win  a  very  prestigious  award  -  the  National  Research  Council  post-doctoral  fellowship  - 
before  being  considered  for  permanent  employment. 

•  Most  industry  employers  do  not  advertise  openings  for  scientists  and  engineers 
at  the  PhD  level. 


KEY  VARIABLES 


To  the  question  "What  are  the  top  8-10  key  variables  that  students  need  access  to  in  order 
to  make  graduate  education  decisions?"  there  was  no  unanimity  of  responses.  The  most  common 
answers  were: 


A  realistic  view  and  recent  history  of  the  job  market; 
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•         An  understanding  of  the  funding  situation  in  science  and  engineering  as  a  function 
of  scientific  discipline,  age,  race,  sex,  geography,  and  time  since  degree. 


The  remaining  responses,  as  with  the  first  question,  fell  under  the  two  broad  categories 
of  program  information  and  employment  information. 


PROGRAM  INFORMATION 


(Note:  All  of  the  following  items  will  vary  by  field  and  subfield.) 

Funding  profiles  and  researcher  population  growth. 

Length  of  time-to-degree  and  time  to  first  permanent  position. 

Rate  of  retention  from  entry  into  the  graduate  program  to  degree  completion. 

Frank  assessments,  1 :  Opinions  about  available  schools  (including  information  on 
quality,  cost,  location,  and  research  facilities)  from  students'  points  of  view. 

Frank  assessments,  lA:  Experiences  of  recently  graduated  young  scientists. 

Frank  assessments,  2:  Independent  opinions  about  faculty  advisers. 

Frank  assessments,  2A:  A  list  of  seasoned,  knowledgeable,  accessible  senior 
investigators  with  mentoring  skills.  No  printed  materials  can  substitute  for  the  experience  they 
can  share  or  the  vision  they  can  impart. 

Required  proficiency  level  in  the  necessary  academic  skills  demanded  by  the 
profession  (e.g.,  how  proficient  in  math  must  a  physics  major  be?). 

Minimum  acceptable  GRE  scores  and  GPA. 

How  much  time  is  need  to  acquire  the  PhD  skills. 

The  ability  to  minor  in  a  discipline  remote  from  the  major  discipline. 

The  amount  of  salary  and  financial  aid  that  can  be  expected. 

Living  costs  for  graduate  education  as  a  function  of  geography. 

The  availability  of  a  career  placement  system  for  science  and  engineering  graduate 

students. 

History-of-science  publications  that  would  help  students  understand  the 
development  of  various  fields. 
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EMPLOYMENT  INFORMATION 


Respondents  consider  this  area  very  important  -  especially  because  advisers  may  not  have 
a  full  understanding  of  potential  employment  settings,  especially  nonacademic  settings.  Students 
need  to  know  more  about  the  following,  by  field: 


Placement  record  of  various  programs. 

Alternative  career  paths  at  various  levels  of  education,  including  B.S.  and  M.S. 
levels. 

Realistic  notions  of  career  demands  (time,  financial,  personal)  in  various  areas  of 
study,  versus  the  intellectual  rewards. 

Frank  assessments  of  what  it  is  like  to  work  in  a  given  field.  Preconceptions  are 
often  misconceptions.  For  example,  do  undergraduates  realize  how  much  writing  scientists  do? 
Do  they  know  how  much  time,  energy  and  skill  must  be  devoted  to  obtaining  research  grants? 
Do  they  have  any  idea  of  the  day-to-day  frustrations  and  rewards  of  working  in  industry  versus 
academia? 

Starting  salaries. 

Main  source  of  employment.  If  it  is  an  industry,  what  is  the  long-term  prognosis 
for  the  health  of  that  industry? 

Employment  prospects  after  1,  2,  5,  10,  20  years. 

Average  hours  worked  per  week. 

How  well  does  one's  desired  standard  of  living  match  the  typical  income  level  of 
the  profession? 

How  many  of  an  institution's  graduates  succeed  in  their  field  of  study? 

Rate  of  employment  turnover  for  recent  graduates. 

How  many  jobs  are  there  per  job-seeker?  (In  today's  tight  job  market,  several 
correspondents  on  the  Young  Scientists'  Network  have  used  the  estimate  of  one  job  for  every 
six  science  and  engineering  graduates.) 

Qualities  and  skills  valued  by  industrial  employers. 

Grant-related  oppormnities  available  to  young  scientists  as  both  graduate  students 
and  postdoctorates.    How  many  years  will  they  have  to  wait  to  gain  independence? 


The  third  question  asked  was,  "When  do  you  think  students  need  this  information?  Do 
they  need  it  at  one  stage  or  at  many  stages?  Which  information  is  needed  at  what  stages?"  The 
responses  could  be  summarized  as  follows: 


"The  information  needs  to  be  available  at  many  stages.  People  come  gradually  to  new 
understandings  and  new  questions,  and  reassess  their  progress  continually.  So  the 
information  needs  to  be  available  and  findable  when  they're  ready  for  it." 
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Producing  the  Finest  Scientists  and 
Engineers  for  the  21st  Century 

Mary  Lowe  Good  and  Neal  F.  Lane 


JtiirnLt'  in  ihe  Sationai  Interest  ( I  V  the  re- 
cent While  House  report  on  science  pohcv. 
1^  receiving  uell-Jeser\eii  praise  lor  provid- 
iny  the  vision  needed  to  suide  federal  in- 
vestments in  Kfsic  science,  mathematics, 
.ind  encineennc.  The  repon  in  ertect  chal- 
lenges the  research  and  education  enter- 
prise to  increase  its  contribution  to  improv- 
ina  the  nation's  health,  economic  prosper- 
itv.  national  •'ecurity.  environmental  re- 
sponsibilitv.  and  quality  ot  life. 

One  ot  the  central  aoals  presented  in  the 
report  is  to  "pt'^Juce  the  finest  -ciemists 
and  engineers  tor  the  21st  Centur\."  This 
uoal  reminds  us  that  scientiticalK  and  tech- 
noloyicallv  trained  people  are  an  invaluable 
national  asset — a  toundation  ot  strength 
that  enables  the  nation  to  pursue  a  great 
variety  ot  opportunities.  Professional  scien- 
tists and  engineers  anchor  the  scientific  and 
technological  work  torce  and  are  indispens- 
able to  promoting  growth  and  innovation 
throughout  our  economy.  As  the  repon  em- 
phasizes. "Our  principal  resource  tor  main- 
tamine  leadership  in  fundamental  science 
and  engineenng  and  tor  capitalizing  on  its 
advances  is  our  talent  pool  o(  well-educated 
scientists  and  engineers.  .  .  Because  train- 
ing scientists  is  a  long  process,  we  cannot 
quicklv  overcome  shorttalls  in  trained  per- 
sonnel in  some  areas  and  should  not  react 
precipitously  in  alKKating  our  training  sup- 
port" (2). 

Theretore.  to  continue  ser\*ing  the  na- 
tion in  this  way.  the  academic  research  and 
education  enterprise  taces  one  basic  ques- 
tion: What  IS  required  to  produce  the  finest 
scientists  and  engineers  for  the  2 1  st  century  ? 
The  answer  is  (ar  trom  obvious — tor  it  de- 
pends entirely  on  the  definition  ot  the  term 
"finest  "  On  the  one  hand,  manv  would  say 
that  we  are  already  producing  the  finest 
scientists  and  engineers,  provided  "tinest'"  is 
defined  to  mean  superblv  capable  and  highly 
specialized  students  prepared  to  carrv  on  in 
the  traditions  ot  academic  basic  research. 
On  the  other  hand,  if  one  adopts  a  detini- 
tion  of  "finest"  that  includes  such  attnbutes 
as  versatility,  a  willingness  to  pursue  a  broad 
range  ot  career  optior\s,  an  adequate  reflec- 
tion ot  the  diversiiv  ot  our  socierv .  and  the 
abihty  to  work  m  groups  and  integrate  sci- 
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ence  and  technoU>g\  to  meet  the  needs  ot 
industrv-  and  other  sectors,  then  there  is 
virtual  consensus  that  the  current  svstem 
leaves  room  tor  improvement. 

The  challenge  is  to  reconcile  these  two 
Jetinitiorvs  ot  "finest" — preserMng  the 
qualities  and  capabilities  instilled  bv  the 
current  svstem.  while  drawing  upon  all  pans 
ot  siKiety's  talent  base  and  readying  stu- 
dents for  the  work  force  of  the  2  I  ^t  century. 
This  IS  a  challenge  that  runs  to  the  core  ot 
how  best  to  secure  a  bright  and  sustainable 
future  tor  the  academic  research  and  educa- 
tion enterprise — a  tuture  that  preserves  and 
enhances  the  tradition  ot  excellence  and 
achievement  that  has  served  the  nation 
well  tor  decades,  and.  at  the  same  time, 
ensures  continued  strong  public  support  tor 
science  and  advanced  edu 
post-Cold  Wa 

Long-term 

not  simply  a  matter  of  inventing  a  tew  new 
programs  or  selectively  tinkering  with  the 
labor  market.  Rather,  producing  the  tinesi 
scientists  and  engineers  tor  the  2  1st  century 
requires  revisiting  and  reassessing  many  ot 
the  long-standing  practices  and  traditions 
oi  research  and  graduate  education  in  sci- 
ence and  engineering. 

Speciticallv.  we  recommend  a  p*ilicy 
framework  that  tocuses  on  three  kev  ptiints; 
(i)  Teaching  and  learning  must  be  reinvig- 
orated  as  the  primary  mission  ot  academic 
institutions,  (u)  Policies  governing  tederal 
support  for  academic  research  must  explicit- 
ly recognize  the  importance  of  such  support 
to  the  education  and  training  ot  scientists 
and  engineers,  (iii)  Graduate  education  in 
science  and  engineering  must  better  reflect 
the  many  protound  changes  in  the  economy 
generally  and  in  the  labor  market  tor  protes- 
sional  scientists  and  engineers  specifically. 

In  this  Policy  Forum,  we  expand  on  these 
three  points  and  outline  ways  that  they  can 
provide  a  cornerstone  for  tuture  actions  at 
the  national  level,  within  institutions,  and 
by  individual  researchers  and  educators.  The 
actior\s  we  recommend  revolve  around  one 
basic  principle:  providing  science  and  engi- 
neering graduate  students,  especially  at  the 
Ph.D.  level,  with  a  broad  range  oi  experi- 
ences that  prepare  them  for  rewarding  ca- 
reers both  inside  and  outside  of  academe. 

Furthermore,  while  these  three  points 
focus  specifically  on  graduate  education, 
thev  also  apply  to  issues  at  the  undergradu- 
ate and  precollege  level.  Reaching  the  goal 
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ot  prixlucing  the  finest  scientists  and  engi- 
neers tor  the  21st  centurv  requires  improv- 
ing education  at  all  levels  and  cultivating 
the  talents  ot  all  students  in  our  socierv.  We 
believ  e  that  the  tramework  outlined  here — 
bv  highlighting  the  natural  connections  be- 
tween teaching  and  research — will  improve 
linkages  between  -jraduate  education  and 
undergraduate  teaching  as  well  as  position 
the  academic  enterprise  to  mcrease  its  con- 
tribution to  mathematics  and  science  edu- 
cation at  the  precollege  level. 

Academic  Institutions: 

Refocusing  on  Teaching 

and  Learning 

The  nation's  colleges- and  universities  are 
assuming  (and  being  expected  to  assume)  an 
ever-increasing  set  ot  roles  and  responsibili- 
ties. Even  |ust  a  partial  list  of  these  new  or 
expanded  responsibilities  would  include 
sefMng  as  a  think  tank,  a  government  and 
corp<>rate  research  arm,  a  small  business  in- 
cubator, a  technology -transfer  mechanism,  a 
promoter  ot  economic  development,  and 
;her  tunctions  in  addition  to  the 
ig  responsibilities  ot  the  institu- 
responsibilities  retlect  increased 
tor  the  contnbution  research 
can  make  to  regiorxal  and  na- 
growth.  as  well  as  the  value 
ot  linking  research,  education,  and  training 
to  nonacademic  settings. 

What  IS  mt.>st  important,  therefore,  is 
that  institutions  pursue  (and  be  allowed  to 
pursue)  these  activ  ities  in  wavs  that  enhance 
learning  experiences  tor  students  and  further 
the  teaching  mission  oi  higher  education. 
This  point  was  underscored  by  the  Industrial 
Research  Institute  (IRI)  in  its  1993  State- 
ment on  Strengthening  lndustr\-Universitv 
Interactions:  "The  Irwtitute  endorses  the 
premise  that  the  top  pnonty  of  universities 
•  educate  their  students.  Basic 
niversities  and  interaction  with 
the  private  sector  can  support  and  strength- 
en this  educational  pnonty"  (3). 

Academias  partners  in  these  activities — 
notably  government  and  industry — should 
adopt  a  holistic  perspective  of  the  academic 
enterprise  that  fosters  the  processes  of  teach- 
ing and  learning-  The  IRI  statement  signals 
such  a  commitment  on  the  part  of  industry. 
Science  in  the  Naaonai  Interest  outlines  a 
similar  commitment  on  the  pan  of  the  fed- 
eral government.  The  report's  pnmary  thesis 
IS  that  "Science  is  an  endless  and  sustainable 
resource  with  extraordinary  dividends"  (■*)- 
Government  policies  and  programs  should 
view  the  academic  enterpnse  as  a  whole  and 
cultivate  It  as  a  national  asset.  This  in  turn 
would  establish  a  tramework  for  future  part- 
nerships that  would  allow  teaching  to  flour- 
ish in  conjunction  with  research  and  other 
activities. 
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Support  for  FurKiamental 
Reisearch:  Importance  to 
Education  and  Training 

Our  next  p^'int  jIso  requirei  r.ikine  .1  new 
l.H.L  .11  the  relationship  between  the  tcJ- 
cnil  'government  and  academic  in>titu- 
tums.  The  lederal  government':*  reabons 
lor  Mipportini:  basic  re>earch  at  academic 
institunon>  have  lone  included  both  en- 
burins  a  continuous  t\o\v  ot  new  knowl- 
edge and  educating  tuture  scientists  and 
eneineer?  through  participation  m  re- 
-carch  at  the  trontiers  ot  knowledge. 

TixJjv.  research  hjndine  ser\es  as  the 
predominant  means  ol  federal  supporr  (or 
•n^uate  >tudeni5  in  science  and  engineer- 
ing. In  fact,  the  mechanisms  used  bv  the 
tederal  goxemment  to  support  szience  and 
engineenne  in^uate  students  have  shifted 
markedlv  toward  research  assistantships  over 
the  past  tut^  decades.  In  1975  graduate  stu- 
dents at  diKtoral  institutions  uho  received 
their  pnmar\  -upport  trom  the  federal  gov- 
ernment were  almost  as  likelv  to  have  fel- 
lowships or  traineeships  as  research  assis- 
tantships (4l";>  compared  with  49%).  Today 
rhev  are  more  than  twice  as  likely  to  receive 
support  thnxigh  research  ass istanrs hips:  in 
1992.  65%  ot  srudents  enrolled  in  doctorate 
programs  who  received  federal  support  relied 
on  research  aisisiantships  tor  their  primarv 
support,  compared  with  27%  who  relied  pn- 
manlv  on  fellowships  or  traineeships  (5)- 

The  dominance  ot  the  research  assis- 
tantship  as  a  form  of  student  support  cer- 
tainlv  has  its  pluses  and  minuses.  There  can 
be  no  doubt  as  to  the  intrinsic  value  of 
participation  in  research  as  a  teaching  tool. 
Bv  working  «.>n  fir>.t-rate.  ment-reviewed 
projects.  >tudent5  receive  the  ideal  form  ot 
on-the-job  training  with  the  latest  research 
methods  and  instruments.  The  dowruide. 
however,  is  that,  when  compared  with  fel- 
lowships and  traineeships.  research  assis- 
tantships are  a  very  imprecise  instrument 
for  producing  human  resources  tor  science 
and  eneineenng-  First,  because  students  are 
in  effect  bound  to  their  facultv  mentors  for 
financial  suppon.  they  have  less  tlexibilitv 
to  pursue  innovative  learning  experiences, 
such  as  panicipating  in  collaborative  re- 
search with  pnvate  corporations.  In  addi- 
tion, research  funding  could  plav  a  larger 
strategic  role  in  developing  hunun  resources 
tor  science  and  technology,  panicularlv  in 
attracting  and  cultivatir\g  more  students 
from  groups  in  the  U.S.  population  that 
have  naditionally  been  underrepresented  in 
science  and  engineenr\g.  This  has  taken  on 
added  imp».irtance  now  that  the  majonry  of 
new  entrants  to  the  workforce  are  women 
and  mmonties. 

A  kev  policy  recommendation  presented 
in  Science  m  the  Naaonai  Interest  directly 
addresses  this  issue.  The  report  directs  the 
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N.monai  ^^:lcnce  and  Tcchnolocx'  Council 
to  "produce  a  human  re^iurces  de\eU>p- 
meni  p*_>licv  tor  sustaining  excellence  and 
promoting  diversitv  in  the  science  and 
technoloyx  work  force  "  16).  !t  almost  ii.vs 
without  >aving  that  a  kev  tenet  of  this  p^il- 
icv  must  be  to  recogni:e  the  vital  link  be- 
tween re?earch  and  graduate  education — 
the  defining  strength  ot  our  academic  re- 
■^earch  and  education  enterprise. 

Other  positive  steps  are  alreadv  in  the 
works,  thanks  to  the  current  priorities  in 
science  and  technology  policy  First,  the 
emphasis  on  connecting  fundamental  re- 
search to  national  priorities  gives  graduate 
students  more  opportunities  to  participate 
in  interdisciplinary  research  that  is  rele- 
vant to  pressing  societal  concerns.  Stu- 
dents thereby  gain  increased  experience 
working  in  multidisciplinary  and  otten 
multisectoral  groups  on  projects  designed 
to  highlight  connections  between  new 
knowledge  and  the  health  and  well-being 
of  MKietv.  In  this  >ame  way.  induMr\- 
universitv  cotjperative  activities  are  als*.) 
vital.  These  activities  yield  multiple  ben- 
efits. Bv  working  directly  with  scientists 
and  engineers  from  industr>'.  students  gain 
new  awareness  of  needs  and  opportunities 
in  the  private  sector.  At  the  same  time, 
the  companies  are  given  a  window  on 
leading  edge  research  and  emerging  tech- 
nologies as  well  as  the  abilities  ot  possible 
future  employees. 

Graduate  Education  and 
Changing  Realities 

The  first  two  points  we  have  made  m  this 
commentar\  require  increased  leadership 
pnncipallv  on  the  part  of  academic  institu- 
tions, the  federal  government,  and  re- 
search-intensive mdustnes.  This  third  point 
focuses  more  directly  on  individual  faculty 
members  and  the  guidance  they  provide  to 
science  and  engineenng  graduate  students. 
Our  message  is  a  simple  one:  Everyone  who 
teaches  and  counsels  future  scientists  and 
engineers  must  give  careful  consideration  to 
the  many  profound  changes  in  career  paths 
in  these  fields  and  m  the  economy  and  work 
force  generally. 

Contrar\'  to  what  is  otten  reported  on 
the  issue,  the  changes  in  the  academic  job 
market  have  been  under  way  for  -^ome 
time.  While  the  nation  will  always  need 
outstanding  scientists  and  engineers  to 
teach  in  colleges  and  universities,  the 
share  of  Ph.D.-level  scientists  and  engi- 
neers employed  at  academic  institutions 
has  been  steadily  declining  for  over  two 
decades,  and  today  roughly  half  of  all  doc- 
torate level  scientists  and  engineers  work 
outside  academe  {?).  This  in  itself  neces- 
sitates some  rethinking  of  the  purposes  of 
doctoral  training. 
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More  -udden  changes  have  tKCurred  in 
the  >ectors  of  the  economy  that  traditionally 
have  employed  large  numbers  of  Ph.D.-level 
scientists  .ind  engineers.  These  changes 
have  been  widely  reported  and  discussed.  As 
the  National  Science  Board's  most  recent 
version  ot  Science  and  Engineenng  Indica- 
tors puts  It:  ".  .  .  m  the  early  1990s,  the 
tecession.  defense -re  la  ted  spending  cut- 
backs, reduced  research  and  development 
budgets,  and  industr\  downsizing  all  tixik 
their  toll  t>n  {science  and  engineenng)  em- 
ployment'  (8).  With  national  laboratories 
being  retiKuscd  and  industry's  research  and 
development  taboratones  being  restructured 
and  otten  attached  to  corporate  business 
units,  newlv  minted  Ph.D.'s  more  and  more 
are  facing  the  pros|:»ect  of  explonng  nontra- 
ditiorul  career  paths. 

This  places  a  new  set  of  responsibilities 
on  tacult\  to  help  students  prepare  tor  and 
^eek  a  u  ider  variety  of  career  opportuni- 
ties, and  the  reward  system  at  academic 
institutions  should  take  these  responsibil- 
ities into  account.  In  the  end.  it  falls  to 
individual  faculty  members  to  help  their 
students  recognize  the  diverse  set  ot  re- 
warding careers  a\ailable  to  professional 
scientists  and  engineers. 

Consider,  for  example,  two  areas  where 
young  scientists  and  engineers  could  make 
an  immense  contribution  to  the  nation,  yet 
all  indicatiotu  ate  that  these  areas  remain 
largely  unexplored.  Teaching  is  one  area 
where  people  who  can  communicate  the 
excitement  o(  science  and  engineering  can 
make  a  major  contribution.  National  Acad- 
emy ot  Sciences  President  Bruce  Alberts 
among  others  has  sounded  this  call  {while 
also  noting  that  graduate  students  express- 
ing such  interests  receive  little  support  from 
their  faculty  advisers)  (9). 

.■\  second  set  ot  promising  and  largely 
unexplored  opportunities  may  reside  in  the 
small  business  sector.  The  National  Re- 
search Council  (NRC)  recently  surveyed 
the  small  manufacturers  that  have  sought 
advice  trom  Manufacturing  Extension  Cen- 
ters operated  by  the  National  Institute  of 
Standards  and  Technology.  The  NRC 
found  that  one  of  the  pnncipal  barriers  to 
the  competitiveness  of  these  firms  is  their 
lack  ot  awareness  of  "best  manufacturing 
practices,  innovative  application  of  new 
technologies,  and  fresh  approaches  to  im- 
proved production  efficiency"  {10).  This 
suggests  that  with  improved  training  in  ar- 
e;is  such  as  the  management  of  technology 
and  the  business  environment,  recent  sci- 
ence and  engineering  graduates  would  bring 
expenence  needed  to  help  make  these  firms 
more  competitive  in  the  global  market- 
place. This  adds  up  to  a  win-win  situation 
for  the  individual  students  and  the  firms,  as 
well  as  for  the  academic  enterprise  and  the 
nation  as  a  whole. 
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Conclusion 

It  has  been  said  that  the  greatest  teachers 
aiwavs  point  hevonJ  themselves.  This  is 
what  separates  teachine  trom  other  protes- 
-lons — the  hope  and  expectation  that  our 
students  will  surpass  our  own  achieve- 
ments This  standard  might  be  best  exem- 
plified bv  J.  J.  Thomson,  the  Nobel  Pri:e- 
winnina  phvsicist  credited  with  discover- 
ina  the  electron  Eighty  years  ago,  the 
model  ot  the  atom  he  developed  (com- 
monly known  as  the  "plum  pudding"  mod- 
el) was  displaced  bv  the  nuclear  model 
developed  by  his  former  student,  Ernest 
Rutherford.  (In  total,  seven  ot  Thomson's 
students,  including  Rutherford,  received 
the  Nobel  Prize — an  amazing  legacy  by 
any  criterion.) 

Today  s  science  and  engineering  grad- 
uates face  a  challenge  ot  a  different  dimen- 
sion— pursuing  intellectual  and  ptores- 
sional  horizons  that  surpass  the  conven- 
tions known  tor  generations.  For  the  indi- 
viduals, institutions,  and  government 
agencies  that  shape  policies  for  graduate 
education  and  research,  this  requires 
changing  and  updating  many  long-stand- 
ing practices.  The  three  poinrs  we  out- 
lined— reinvigorating  the  teaching  and 
learning  mission  of  higher  education,  fos- 
tering a  more  strategic  link  between  re- 
search funding  and  graduate  education, 
and  recognizing  the  changed  career  paths 


awaiting  future  scientists  and  engineers — 
provide  touchstones  for  progress  m  this 
time  ot  change.  Bv  emhtacmg  these  new 
directions  while  preserving  its  fundamen- 
tal strengths,  the  academic  enterprise, 
working  in  partnership  with  government 
and  industry,  should  have  no  trouble  pro- 
ducing the  tinest  scientists  and  engineers 
for  the  ;ist  centun'. 
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NATIONAL  SCIENCE  FOUNDATION 

4201  WILSON  BOULEVARD 
ARLINGTON,  VIRGINIA  22230 

^Jt^  October    20,    1995 

*  ^  % 

OFFICE  OF  THE 
tXRECTOn 


Honorable  Steve  Schiff 

Chairman 

Subcommittee  on  Basic  Research 

Committee  on  Science 

House  of  Representatives 

Washington,  DC.  20515 

Dear  Mr.  Chairman: 

During  the  July  13,1 995,  Basic  Research  Subcommittee  hearing  on  graduate 
education  you  requested  plans  that  the  National  Science  Foundation  (NSF) 
had  for  responding  to  the  recommendations  of  the  COSEPUP  report.  I  am 
pleased  to  provide  this  update  of  NSF's  ongoing  efforts  to  ensure  that  the 
graduate  education  of  scientists,  mathematicians,  and  engineers  is 
responsive  to  national  needs. 

NSF  has  taken  a  number  of  steps  in  recent  years  to  improve  science  and 
engineering  graduate  education,  several  of  which  are  referenced  in  the 
COSEPUP  Report,  Reshaping  the  Graduate  Education  of  Scientists  and 
Engineers.  For  example,  our  Grant  Opportunities  for  Academic  Liaison  with 
Industry  (GOALI)  program,  which  started  in  the  Engineering  Directorate,  has 
been  expanded  across  the  Foundation.  One  of  the  objectives  of  this  program 
is  to  provide  graduate  students  with  broader  experiences  in  industry  to 
enhance  their  career  options  and  opportunities. 

NSF  has  also  supported  a  variety  of  innovative  research  centers  which  create 
partnerships  between  NSF,  academic  institutions,  industry,  states,  and  other 
Federal  agencies.  One  of  the  underlying  considerations  in  developing 
research  centers  is  to  provide  points  of  articulation  between  universities  and 
the  private  sector  so  that  students  have  an  opportunity  to  work  on  problems 
that  are  basic  in  nature,  but  also  of  interest  to  industry.  In  1994,  it  is 
estimated  that  over  450  academic  institutions  participated  in  NSF  center 
activities.  In  addition,  more  than  1800  non-academic  partners  supplied  nearly 
$300  million  to  these  centers,  providing  $3  for  every  $2  contributed  by  NSF. 
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A  principal  recommendation  of  the  COSEPUP  report  was  to  "allow  students  to 
gain  a  wider  variety  of  academic  and  other  career  skills."  Centers  provide  a 
very  effective  model  for  integrating  research,  education,  and  practical 
experience.  Other  models  for  broadening  career  horizons  of  graduate 
students,  frequently  drawing  on  existing  NSF  programs,  were  mentioned  in 
the  COSEPUP  report.  We  are  continuously  seeking  better  ways  to  ensure 
that  talented  students  attracted  to  careers  in  science  and  engineering  have 
access  to  graduate  training  that  meets  broader  career  needs. 

A  second  set  of  recommendations  in  the  COSEPUP  report  centered  on 
providing  prospective  graduate  students  with  better  career  information  and 
guidance.  NSF  serves  as  the  central  clearinghouse  for  data  on  the  nation's 
scientific  and  engineering  resources.  The  challenge  has  been  to  provide  this 
information  in  a  timely  fashion  to  policy  makers,  researchers,  career 
counselors,  and  students  who  could  factor  this  information  into  their  planning 
for  the  future. 

The  COSEPUP  report  also  addressed  the  need  for  improved  coverage, 
timeliness,  and  analysis  of  data  on  the  education  and  employment  of 
scientists  and  engineers.  We  have  in  recent  years  significantly  enriched  the 
content  of  our  surveys  based  on  the  recommendations  from  the  National 
Research  Council's  Committee  on  National  Statistics.  While  many  of  these 
new  data  were  not  available  at  the  time  the  COSEPUP  report  was  written, 
they  are  now  or  soon  will  be. 

We  recognize  the  importance  of  timeliness  in  making  survey  results  available 
and  are  working  with  the  National  Research  Council  to  address  this  issue. 
For  example,  while  these  surveys  are  large  and  complex,  we  are  looking  into 
disseminating  preliminary  data  from  these  surveys,  as  well  as  other  timely 
indicators  of  general  labor  market  conditions,  for  scientists  and  engineers. 

To  ensure  that  our  statistical  products  meet  our  customers'  needs,  NSF  staff 
has  interviewed  about  50  key  users  of  NSF  data  during  the  past  two  years.    A 
larger  user  survey  is  planned  for  1996,  giving  us  additional  guidance  in 
setting  priorities  for  data  collection  and  analysis. 

NSF  has  greatly  improved  electronic  dissemination  of  its  data.  Virtually  all  of 
the  data  and  reports  of  our  Science  Resources  Studies  Division  are  available 
on  the  World  Wide  Web. 
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The  COSEPUP  report  closes  by  noting  the  need  for  a  continued  discussion  of 
the  issues  related  to  graduate-level  human  resources.  Although  improved 
data  collection,  analysis,  and  dissemination  are  important  steps  in  providing 
information  useful  for  policy  makers  and  students  interested  in  careers  in 
science  and  engineering,  fundamental  changes  within  the  current  graduate 
education  system  must  also  be  considered. 

In  this  regard,  a  Task  Force  on  Graduate  and  Postdoctoral  Education  was 
established  by  the  National  Science  Board  (NSB)  at  its  June  22,  1995, 
meeting.    The  task  force  is  composed  of  eight  members  of  the  NSB  and  is 
charged  with  examining  the  mix  of  support  provided  by  NSF  for  graduate  and 
postdoctoral  students  and  how  various  modes  of  support  affect  their 
experience  and  preparation. 

Thank  you  again  for  the  opportunity  to  provide  you  with  an  update  of  NSF 
activities  relating  to  graduate  education  in  science  and  engineering  as 
discussed  in  the  COSEPUP  report.  I  appreciate  the  Subcommittee's  interest 
in  this  topic  and  I  look  forward  to  continuing  our  efforts  to  improve  graduate 
education. 


Sincerely, 


Neal  Lane 
Director 
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National  Institutes  of  Health 
Bethesda,  Maryland  20892 


OCT  3  0  1995 


The  Honorable  Steven  H.  Schiff 
Chairman,  Subcommittee  on  Basic  Research 
Committee  on  Science 
House  of  Representatives 
Washington,  D.C.  20515-6301 

Dear  Mr.  Schiff: 

This  is  a  follow-up  to  the  July  13  hearing  on  graduate  education 
held  by  your  Subcommittee  and  in  response  to  your  subsequent 
letter  of  July  25  regarding  the  National  Institutes  of  Health 
(NTH)  graduate  training  programs. 

The  NIH  Research  Training  Office  assembled  a  Working  Group 
composed  of  Institute  staff  to  assess  the  NIH  training  programs 
in  relation  to  the  recommendations  expressed  in  the  National 
Academy  of  Sciences'  (NAS)  Report:   Reshaping  the  Graduate 
Education  of  Scientists  and  Engineers.   I  am  enclosing  the  NIH 
Plan  for  implementing  these  recommendations.   It  describes  the 
principal  attributes  of  the  current  NIH  training  program  and 
provides  information  regarding  our  position  in  the  future.   The 
document  also  addresses  your  question  regarding  the  appropriate 
mix  of  Federal  support  for  graduate  training  grants,  fellowships, 
and  research  applications. 

I  appreciate  this  opportunity  to  add  to  my  testimony  and  would  be 
pleased  to  discuss  these  issues  with  you  in  more  detail  at  your 
convenience. 

Sincerely, 


fk^ 


Harold  Varmus,  H.D. 
Director 


Enclosure 
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NIH  Plan  for  Implementing 

the 

Recommendations  in  Reshaping  The  Graduate  Education  of  Scientists  and 

Engineers^ 

This  document  describes  the  recommendations  for  graduate  institutions  and  Federal 
agencies  in  the  COSEPUP  report,  Reshaping  the  Graduate  Education  of  Scientists  and 
Engineers.  It  also  indicates  current  NIH  compliance  with  the  recommendations  or 
future  plans  to  implement  the  recommendations.  This  document  was  prepared  by  a 
small  work  group^  as  a  follow-up  to  Dr.  Harold  Varmus'  July  13  testimony  before  the 
House  Science  Subcommittee  on  Basic  Research  in  response  to  a  request  from 
Representative  Steven  Schiff  (R-NH),  Subcommittee  Chair  and  Representative  Pete 
Geren  (D-TX),  Ranking  Minority  Member.  In  addition  to  the  recommendations  from  the 
report,  this  document  addresses  an  additional  question  submitted  in  a  letter  by 
Representative  Schiff,  dated  July  25,  regarding  the  appropriate  mix  of  Federal  support 
for  graduate  training  grants,  fellowships  and  research  assistantships. 

The  recommendations  from  the  COSEPUP  report  and  the  subsequent  question  from 
the  Chairman  of  the  Basic  Research  Subcommittee  appear  in  text  boxes. 


Offer  a  Broader  Range  of  Academic  Options: 

•  To  produce  more  versatile  scientists  and  engineers,  graduate  programs  should  provide  options  that 
allow  students  to  gain  a  wider  variety  of  skills. 

•  To  foster  versatility,  government  and  other  agents  of  fmancial  assistance  for  graduate  students 
should  adjust  their  support  mechanisms  to  include  new  education/traming  grants  to  institutions 
and  departments. 

•  In  implementing  changes  to  promote  versatility,  care  must  be  taken  not  to  compromise  other 
important  objectives.  For  example: 

o  Maintain  local  initiative 

o  Maintain  excellence  in  research 

o  Control  time  to  degree 

o  Attract  women  and  minority-group  members 


The  NIH  has  used  a  system  of  research  training  grants  to  support  graduate  education 
in  the  biological  sciences  since  1958.  The  extensive  experience  in  managing  this 
program  has  provided  the  opportunity  for  considerable  refinement  of  this  support 


'Report  from  the  Committee  on  Science,  Engineering  and  Public  Policy  (COSEPUP)  of 
the  National  Academy  of  Sciences  (NAS)  was  published  in  1995  and  is  available  from  National 
Academy  Press. 

^Ms.  Lacey  Durtiam,  NCRR;  Dr.  Ronald  Geller,  NHLBI;  Dr.  Danuta  Krofoski,  NICHD;  Dr. 
Chartotte  McCutchen,  NINDS;  Dr.  John  Norvell,  NIGMS;  Dr.  Walter  Schaffer,  OD;  Dr.  Carolyn 
Strete,  NIMH.  All  questions  should  be  directed  to  Dr.  Walter  Schaffer  In  the  Research  Training 
Office  at  301-496-9743. 
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mechanism,  which  is  now  earned  out  as  directed  by  Section  487  of  the  Public  Health 
Service  Act.  In  fiscal  year  1995,  NIH  training  grants  supported  approximately  6,000 
graduate  students  in  programs  leading  to  the  Ph.D.  degree.    An  additional  850 
students  received  support  in  programs  leading  to  the  combined  M.D./Ph.D.  degree.  In 
nearly  all  respects,  these  NIH  training  grants  are  identical  to  the  "education/training 
grants"  recommended  by  COSEPUP  for  all  Federal  agencies.     Training  grants 
encourage  institutions  to  assume  local  initiative  in  the  design  and  implementation  of 
their  graduate  training  programs;  to  maintain  excellence  in  both  education  and 
research;  to  control  the  time  to  degree;  and  to  devise  active  strategies  for  recaiitment 
of  underrepresented  minorities  and  women  into  research  careers. 

Part  of  the  reason  NIH  training  grants  have  been  successful  relates  to  the  review 
process.  Each  of  these  grants  must  be  reviewed  by  a  committee  of  peers  at  least  every 
five  years.  At  the  time  of  competition,  the  applicant  institution  must  demonstrate  that 
former  trainees  have  been  successful  in  establishing  productive  careers.  The 
institution,  therefore,  is  strongly  encouraged  to  select  the  best  students  from  a  pool  of 
high  quality  applicants  for  their  training  program  and  to  design  a  course  of  research 
and  study  that  will  lead  to  a  successful  career.    The  content  and  the  structure  of  the 
program  varies  from  institution  to  institution  but  is  tailored  to  fit  the  available  resources 
and  the  specific  career  needs  of  that  particular  discipline.  Reviewers  carefully  examine 
the  objectives  and  the  design  of  the  training  program  and  the  caliber  of  the  preceptors. 
The  training  record  of  the  program  is  extensively  documented  in  the  application  to 
permit  a  determination  of  past  success  which  is  then  used  as  a  predictor  of  future 
placement  of  trainees  in  appropriate  positions.  The  stringency  of  the  review  process, 
which  in  some  cases  includes  on-site  visits,  ensures  that  training  grants  will  continue  to 
be  valued  by  the  biomedical  and  behavioral  academic  community  as  evidence  of  a  high 
quality  graduate  training  program. 

The  NIH  approach  to  graduate  training  is  already  consistent  with  the  recommendations 
in  COSEPUP  report.    As  evidence  of  this  fact,  we  have  found  that  students  supported 
by  training  grants  complete  their  degree  requirements  more  quickly  and  are  more  likely 
to  engage  in  research  activities  upon  completion  of  their  training  than  are  their 
counterparts  without  NIH  training  grant  support.  Typical  NIH  supported  graduate 
trainees  receive  between  2  and  3  years  of  training  grant  support  in  a  broad 
multidisciplinary  environment.  During  this  period,  students  have  an  opportunity  to 
develop  a  sound  understanding  of  the  basic  scientific  principles  they  will  need  as 
researchers.    They  also  have  an  opportunity  to  rotate  through  a  number  of  different 
laboratories  as  a  way  of  learning  a  variety  of  experimental  approaches  to  research 
problems.  At  the  end  of  this  period,  students  take  qualifying  examinations  and  then 
move  into  a  period  of  intensive  research  in  preparation  for  their  doctoral  dissertation. 
In  most  cases,  students  are  supported  as  research  assistants  during  the  dissertation 
phase  of  their  graduate  studies.    Throughout  graduate  school,  students  supported  by 
the  training  grant  are  monitored  by  a  faculty  committee  to  ensure  that  the  training 
experience  is  appropriate  for  evolving  research  needs  and  that  the  doctorate  will  t>e 
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earned  within  a  reasonable  period  of  time. 

Training  grants  offer  a  number  of  potential  advantages  over  less  formalized  training 
programs.  Trainees  are  often  encouraged  to  teach  a  course  and  some  are  permitted  to 
have  research  training  experiences  avi/ay  from  their  parent  institution.  These 
experiences  sometimes  include  "internships"  in  an  industrial  research  setting.  With  an 
IMIH  training  grant  comes  the  requirement  to  provide  all  trainees  v^^ith  a  course  in  the 
responsible  conduct  of  science,  which  includes  instruction  in  responsible  authorship, 
policies  for  handling  misconduct  in  science,  policies  regarding  the  use  of  experimental 
subjects,  data  management,  and  conflict  of  interest.  The  NIH  also  requires  institutions 
with  training  grants  to  actively  recruit  trainees  from  underrepresented  racial  and  ethnic 
groups.  We  believe  these  NIH  training  programs  are  consistent  with  the  spirit  and  the 
intent  of  the  COSEPUP  recommendations. 


As  Dr.  Varmus  indicated  in  his  testimony, 
it  is  not  clear  that  all  graduate  programs 
explain  the  diversity  of  career  options 
available  to  individuals  with  doctoral 
degrees  in  biomedical  and  behavioral 
sciences.    As  a  result,  some  graduate 
students  erroneously  believe  that 
academic  research  positions  are  their 
only  career  choice.    A  stagnant 
academic  market,  therefore,  has  meant 
disappointment  for  many  recent 
graduates.  There  are  many  other  non- 
academic,  and  in  some  cases,  non- 
research  opportunities  in  which 
biomedical  and  behavioral  scientists  can 
use  their  training  and  expertise. 
Graduate  institutions  are  in  the  best 
position  to  disseminate  information  about 
traditional  and  non-traditional  careers  for 
scientists.  And,  there  is  support  for  the 
idea  that  students  should  be  exposed  to 
this  information  early  in  their  enrollment. 

The  NIH  plans  to  use  the  leverage 
offered  by  training  grants  to  encourage 
institutions  to  develop  methods  of 
exposing  students  to  alternate  career 
opportunities.  In  the  past,  we  have 


Provide  better  information  and  guidance: 

•  Graduate  scientists  and  engineers  and  their 
advisors  should  receive  more  up-to-date 
and  accurate  information  to  help  them 
make  informed  decisions  about 
professional  careers;  broad  electronic 
access  to  such  information  should  be 
provided  through  a  concerted  nationwide 
effort. 

•  Academic  departments  should  provide  the 
information  referred  to  above  to 
prospective  and  current  students  in  a  timely 
manner  and  should  also  provide  career 
advice  to  graduate  students.  Students 
should  have  access  to  information  on  the 
full  range  of  employment  possibilities. 

•  Students  should  be  encouraged  to  consider 
three  alternative  pathways  at  the  point 
when  they  have  met  their  qualifying 
requirements. 

•  The  National  Science  Foundation  should 
contmue  to  improve  the  coverage, 
timeliness,  and  clarity  of  analysis  of  data 
on  the  education  and  employment  of 
scientists  and  engineers  in  order  to  support 
better  national  decision-making  at>out 
human  resources  in  science  and  technology. 
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asked  graduate  institutions  to  establish  courses  in  the  responsible  conduct  of  science. 
In  the  process  of  setting  up  these  courses,  institutions  have  been  very  innovative  in 
developing  ways  of  teaching  the  importance  of  integrity  in  science.    After  a  period  of 
encouraging  the  development  of  these  instructional  skills,  we  began  requiring  that  all 
institutions  with  training  grants  establish  such  a  course.  We  plan  to  use  a  similar 
process  with  instruction  in  alternative  careers.  Over  the  next  several  months  we  will 
work  with  our  extramural  advisors  to  identify  appropriate  methods  for  dissemination  of 
career  information.  It  is  expected  that  by  the  end  of  this  fiscal  year,  there  will  be  some 
agreement  about  the  best  way  to  teach  this  information  and  the  best  way  to  encourage 
widespread  adoption  of  instruction  in  career  options. 

The  NIH  is  also  in  the  process  of  generating  better  information  about  potential  career 
outcomes.    We  are  evaluating  our  research  training  programs  by  examining  the 
subsequent  employment  and  research  involvement  of  former  trainees.  This  study  will 
use  data  in  existing  databases  and  will  develop  information  on  non-academic 
employment  outcomes  using  a  survey.  We  also  plan  to  establish  a  long-term  career 
tracking  system  that  will  eventually  provide  up-to-date  information  about  career 
opportunities.  We  have  recently  funded  a  new  NAS  study  that  will  examine  reasons  for 
the  reduction  in  the  number  of  scientists  under  the  age  of  36  who  apply  for  NIH 
research  grants.  This  study  will  explore  the  need  for  increased  training  periods  and  will 
make  recommendations  about  an  appropriate  NIH  intervention.  The  career  information 
that  we  gather  from  these  studies  and  through  our  collaborations  with  the  National 
Science  Foundation  will  be  disseminated  at  NIH  workshops,  on  electronic  information 
systems,  and  by  targeted  mailings  to  directors  of  NIH  research  training  programs. 


Devise  a  National  Human-Resource  Policy  for  Advanced  Scientists  and  Engineers 

•  A  national  discussion  group  ~  including  representatives  of  governments,  universities,  industries, 

and  professional  organizations  -  should  deliberately  examine  the  goals,  policies,  conditions,  and 

unresolved  issues  of  graduate-level  human  resources. 


The  NIH  and  the  NAS  work  together  to  help  resolve  issues  related  to  the  supply  and 
demand  for  life  scientists  and  to  determine  what  part  of  the  Nation's  overall  training 
needs  should  be  satisfied  by  NIH  training  grants  and  fellowships.  These  studies  are 
conducted  every  four  years  as  required  by  Section  489  of  the  Public  Health  Service 
Act.  The  last  report,  Meeting  the  Nation's  Needs  for  Biomedical  and  Behavioral 
Scientists,  was  published  in  1994.  In  that  report,  the  NAS  endorsed  the  use  of  training 
grants  and  recommended  that  the  total  number  of  graduate  traineeships  and 
fellowships  should  remain  approximately  constant  until  the  end  of  the  century. 


Descnbc  the  proper  balance  between  traineeships  and  fellowships 
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Describe  the  proper  balance  between  traineeships  and  fellowships 


At  the  current  time,  in  this  country,  the  NIH  supports  about  15  percent  of  the 
approximately  70,000  full-time  graduate  students  in  biomedical  sciences  through 
research  assistantships,  about  8  percent  through  traineeships,  and  about  2  percent 
through  fellowships.  In  behavioral  sciences,  the  NIH  contribution  is  much  smaller.  We 
doubt  that  there  is  any  magical  ratio  that  would  be  ideal  in  all  disciplines  or  in  all 
departments,  but  believe  the  use  of  traineeships  during  the  period  before  qualifying 
examinations  makes  sense.  Training  grants  encourage  an  institution  to  offer  broader 
didactic  and  research  experiences  so  the  students  can  ultimately  better  adapt  to 
changing  national  needs.  As  the  student  begins  his  or  her  dissertation  research, 
support  by  a  research  assistantship  becomes  more  defensible.  Using  this  logic,  it 
could  be  concluded  that  there  should  be  approximate  parity  between  traineeships  and 
research  assistantships,  while  offering  a  substantially  smaller  number  graduate 
fellowships.  Graduate  fellowships  would  be  reserved  for  the  most  outstanding 
students,  who  can  benefit  from  the  experience  of  applying  for  their  own  support,  or  for 
students  in  less  research  intensive  universities,  v^rhere  a  training  grant  is  not  an  option. 

One  of  the  strengths  of  the  NIH  training  grant  model  is  that  it  encourages  institutions  to 
think  very  seriously  about  a  comprehensive  graduate  training  experience.  Generally, 
institutions  with  training  grant  support  develop  a  graduate  training  program  that 
benefits  not  only  the  trainees,  but  all  of  the  students  in  the  program.  Rather  than 
considering  the  ratio  of  various  support  mechanisms,  it  may  be  more  useful  to  consider 
the  total  number  of  training  positions  in  terms  of  this  broader  influence  on  institutions 
and  the  students.    The  other  issue,  of  course,  is  the  need  to  keep  traineeships 
attractive  with  respect  to  other  sources  of  support  so  that  institutions  will  select  their 
more  promising  students  for  these  positions.  Issues  related  to  the  number  of  positions 
and  the  total  income  provided  per  position  always  generate  tension  as  the  NIH 
approaches  a  new  budget  year.  The  NAS  quadrennial  report  on  the  need  for 
biomedical  and  behavioral  scientists  provides  invaluable  assistance  in  these  decisions. 
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AMERICAN  CHEMICAL  SOCIETY 

11  }S  SDCTEEKTH  STUET.  N.W. 
WASHMCTON.  D.C  MOX 


KKIHLBB*  A.  REAM 

DWECroil 

GOVBMMENT  KEIATIONS  AND  SCIENCE  roUCY 


August  9,  1995 


The  Honorable  Steven  H.  SchHT 

Chalnnan 

Suticommittee  on  Basic  Research 

Committee  on  Science 

U.  S.  House  o(  Representatives 

Washington,  DC.   20515-6301 

Dear  Chairman  Schiff: 

On  t)ehatf  of  the  American  Chemical  Society,  I  would  like  to  thank  you  for  the 
opportunity  given  the  ACS  to  testify  before  your  Sut)committee  on  the  NAS  graduate 
educatkxi  report  During  Hie  Society  s  testimony.  Dr.  Ned  Heirxlel  referenced  a 
recent  sun/ey  conducted  for  the  ACS  on  the  employment  of  PhDs  wlio  received 
tfteir  degrees  in  the  chemk:al  sciences  during  the  years  1988  through  1994.  As  you 
requested,  enclosed  is  a  copy  of  that  pmSmkiaiy  npott 

I  also  wouM  like  to  reaffirm  that  ttie  American  Chemical  Society  stands  ready 
to  help  the  Suticommlttee  in  any  future  delit>eratk>ns  on  graduate  educatkm  in  the 
United  States. 

Sincerely  yours. 


,/t^^^^^ 


KatNeen  A  Ream 


Enctosure 

Or.  N.  D.  Heindel     w/o  End. 
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BACKGROUND 

Concern  over  the  future  of  PhD  graduates  has  arisen  from  recent  discussions  of  changing 
employment  patterns,  and  awareness  of  anecdotal  evidence  of  the  difficulty  of  placing 
PhDs  in  permanent  positions  has  increased.  Several  committees  of  the  American 
Chemical  Society  (ACS)  have  expressed  concem  over  the  length  of  time  graduates  spend 
in  post-doctoral  positions.  "Shaping  the  Future:  The  Chemical  Research  Environment 
in  the  Next  Century,"  the  1994  ACS  report  from  the  interactive  Presidential  Colloquium, 
reached  the  preliminary  conclusion  that  "more  Ph.D.  granting  university  departments  now 
exist  than  the  number  that  can  be  adequately  supported  in  the  economic  climate  of  the 
1990s."  (ACS,  1994a,  p.  16).  The  colloquium  recommended  that  ACS  "should  utilize  its 
resources  to  collect  benchmarking  data  that  would  provide  information  on  a  variety  of 
topics  including  ...  hiring  distributions,  and  the  number  of  Ph.D.s  in  the  'post-doc  pipeline' 
during  a  given  period.  This  information  is  critical  to  establishing  which  departments  are 
producing  the  high  quality,  adaptable  Ph.D.s  required  by  industry,  one  of  the  most 
important  customers  of  these  institutions."  (ACS,  1994a,  p.  17). 

In  1994,  ACS  committees  (the  Presidential  Task  Force  on  Doctoral  Education  and 
Committee  on  Economic  and  Professional  Affairs)  and  staff  designed  a  questionnaire  to 
elicit  from  faculty  who  had  supervised  students  in  PhD  programs  (the  "mentors") 
information  on  the  current  occupational  status  of  recent  PhD  graduates.  In  January, 
1995,  ACS  contracted  with  an  independent  consultant  to  administer  the  national  survey 
of  the  mentors  and  to  analyze  the  results.  The  survey  was  mailed  to  chemistry  faculty 
of  PhD  granting  departments  in  the  U.S.  with  an  original  mailing  in  January  followed  by 
a  second  in  February. 


SURVEY  RESULTS 

OVERALL 

The  survey  resulted  in  employment  information  on  8,956  PhDs  who  received  their 
degrees  in  the  U.S.  during  the  years  1988  through  1994.  Given  the  estimate  of  14,436 
PhD  degrees  granted  in  chemistry  during  that  period,  the  survey  results  cover  62  percent 
of  the  total  number  of  graduates  possible. 

Table  1  summarizes  the  current  status  of  the  graduates  as  derived  from  the  survey.  The 
columns  represent  the  categories  of  employment  that  could  be  chosen  by  the  mentors. 
(See  Appendix  A  for  technical  notes  on  the  survey  and  the  resulting  tables.  For 
reference,  the  survey  questionnaire  and  cover  letters  are  in  Appendix  B.) 

The  occupational  patterns  are  distinctly  different  for  students  who  entered  their  graduate 
program  as  U.S.  citizens  and  those  entering  with  temporary  visas.  The  latter  are  termed 
"temporary  visas."  (The  mentors  were  asked  to  classify  the  graduates  upon  their 
entrance  to  graduate  school  rather  than  picking  up  any  change  in  citizenship.)  Tables  2 
and  3  separate  the  graduates  into  these  two  classifications.  As  expected,  the  number  of 
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temporary  visas  who  returned  to  their  country  of  origin  is  far  greater  than  the  number  of 
U.S.  citizens  found  currently  in  another  country  (our  interpretation  of  the  few  times  the 
category  "returned  to  country  of  origin"  was  given  for  U.S.  citizens).  The  large  percentage 
in  that  single  category  (up  to  42  percent  in  one  year)  for  the  temporary  visas,  of  course, 
affects  the  percentages  reported  in  the  other  categories.  The  graduates  in  each 
citizenship  classification,  however,  show  qualitatively  the  same  dependence  on  time  after 
graduation.  While  half  the  graduates  were  in  postdocs  one  year  after  graduation,  the 
percentage  fell  as  the  length  of  time  after  graduation  increased.  Just  8  percent  and  14 
percent  of  those  graduating  in  1 988  (U.S.  citizens  and  temporary  visas,  respectively)  were 
postdocs  in  1995.  This  major  finding  is  graphed  in  Figure  1.  ' 

iNSirrunoNAL  production  levels 

One  major  question  has  been  the  extent  to  which  the  size  of  the  institution  granting  the 
degree  affects  the  graduate's  employment.  Do  graduates  of  large  departments  fare  better 
than  those  of  small  departments?  The  185  institutions  of  the  mentors  were  therefore 
arrayed  according  to  the  number  of  PhDs  they  had  produced  over  the  past  seven  years 
(CPT,  1994).  To  present  the  effects  of  size,  we  divided  the  institutions  into  five  groups. 
In  order  to  assure  a  reasonable  number  of  responses  from  the  universities  in  the  group 
with  the  lowest  number  of  graduates,  we  used  'pentiles"  of  approximately  35  for  the  top 
four^  and  47  institutions  in  the  lowest  group,  "pentile  5."  The  groupings  are  shown  in 
Table  4.  The  top  pentile  generated  a  total  of  6,937  PhD  graduates  over  the  seven  years, 
48.1  percent  of  the  grand  total  of  14,436.  Tables  5,  6,  7,  8,  and  9  present  the  basic 
results  for  each  of  the  pentiles. 

As  seen  above,  results  on  U.S.  citizens  and  temporary  visas  are  different.  In  order  to 
show  the  results  from  these  classifications  without  excessive  information,  we  looked  for 
groups  of  institutions  that  are  reasonably  homogeneous  with  respect  to  citizenship  mix. 
The  following  tabulation  shows  percentages  by  pentile: 

Pentile         Number  of  U.S.  Number  of  Temp.       Temp.  Visas  as  % 

Citizens  Visas  in  survey  of  total  in  survey 

in  survey 


1 

3249 

869 

21.1 

2 

1620 

488 

23.1 

3 

990 

441 

30.8 

4 

555 

186 

25.1 

5 

367 

173 

30.4 

'To  avoid  splitting  institutions  with  the  same  number  of  graduates  between 
pentiles,  we  shifted  two  institutions  at  the  top  or  bottom  of  a  pentile.  The  resulting 
numbers  of  institutions  in  pentiles  1,  2,  3,  and  4  are  34,  36,  36,  and  34,  respectively. 
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The  percentages  allow  a  combination  into  two  groups.  So  we  have  combined  pentiles 
1  and  2  for  one  group  --  the  70  institutions  producing  the  highest  number  of  PhDs  -  and 
pentiles  3,  4,  and  5  for  a  second  group,  the  so-called  lower  production  group.  Tables  10, 
11, 12,  and  13  demonstrate  the  patterns  for  U.S.  citizens  separate  from  temporary  visas 
for  each  of  the  two  groups  of  institutions  distinguished  by  production  level.  Compared  to 
those  from  the  lower  production  group,  U.S.  citizens  graduating  from  the  higher 
production  group  tend  to  begin  with  higher  percentages  in  postdocs  but  have  lower 
percentages  of  their  graduates  in  postdocs  following  six  years  after  graduation.  For 
example,  combining  the  first  two  years  after  graduation,  the  postdoc  percentages  are  47.0 
and  40.5  percent  (higher  and  lower  production,  respectively)  while  the  combination  of  the 
sixth  and  seventh  years  yields  8.1  and  10.5  percent  (highier  and  lower  production, 
respectively).  This  distinction  is  not  observed,  however,  for  the  temporary  visas. 

Two  other  displays  of  the  information  address  the  possibility  of  "non-linear  effects." 
Tables  14  and  15  return  to  the  separation  into  five  pentiles.  Each  separates  U.S.  citizens 
from  temporary  visas  for  comparisons  of  one  employment  category.  Table  14  presents 
unemployment  rate  with  all  years  combined.  For  the  U.S.  citizens,  there  is  no  significant 
difference  among  the  pentiles.  For  the  temporary  visas,  there  is  a  tendency  for  the 
institutions  at  intermediate  production  levels  to  graduate  PhDs  with  lower  unemployment 
rates,  but  the  small  numbers  of  unemployed  graduates  in  all  pentiles  reduce  confidence 
in  any  conclusion.*  Similarly,  Table  1 5  combines  the  early  and  the  recent  years  to  focus 
on  postdoctoral  percentages.  The  highest  and  lowest  pentiles  produce  the  lowest 
percentages  of  U.S.-citizen  postdocs  after  six  years,  but  again  the  small  numbers 
frustrate  firm  conclusions.' 

MENTOR  RANK 

The  survey  also  allowed  investigation  of  the  possibility  of  distinction  between  the 
graduates  of  mentors  who  reported  that  they  were  cun-ently  ranked  as  Professors 
(possibly  in  combination  with  other  titles  such  as  department  chair)  in  contrast  to  those 
with  mentors  in  other  ranks.  The  only  other  rank  that  was  reported  was  Associate 
Professor.  Many  respondents  left  the  item  blank.  Tables  16  and  17  show  the 
comparison.  Except  for  the  fact  that  Associate  Professors  have  not  been  faculty 
members  as  long  as  Professors,  meaning  that  they  produced  fewer  graduates  in  the  early 
years,  no  differences  between  these  groups  is  noteworthy. 


^Differences  between  the  pentiles  and  the  total  for  all  temporary  visas  are 
statistically  significant.  Chi  squared  for  U.S.  citizens  and  temporary  visas  is, 
respectively,  2.3  and  9.7,  with  four  degrees  of  freedom,  implying  significance  at  the 
.05  level  for  the  latter,  not  for  the  U.S.  citizens. 

'The  distribution  of  U.S.-citizen  postdocs  in  1988  and  1989,  by  pentile,  is 
significantly  different  from  their  total  in  those  years.  Chi  squared  for  U.S.  citizens  and 
temporary  visas  is,  respectively,  9.6  and  2.7,  implying  statistical  significance  at  the  .05 
level  for  the  former. 
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MENTOR'S  SUBFIELD 


Previous  discussions  raised  tiie  possibility  that  the  "subfield"  of  chemistry  pursued  by  the 
graduates  may  affect  their  employment.  The  survey  requested  the  mentor  to  indicate  his 
or  her  own  subfield.  It  must  be  emphasized  that  the  graduate  might  not  be  in  that 
subfield,  and  the  possibility  of  switching  may  reduce  observance  of  any  real  effects. 
Table  18  shows  the  unemployment  rates  derived  from  the  survey,  combining  all 
graduation  years,  according  to  the  mentor's  subfield.  The  effect  that  could  call  for  more 
study  is  the  relatively  high  rate  found  for  the  graduates  of  mentors  who  left  the  subfield 
blank.  The  rates  approximate  2  percent,  and  there  are  few  subfields  with  enough 
graduates  to  determine  whether  differences  among  the  unemployment  rates  are 
important.  Excluding  graduates  of  mentors  with  a  blank  subfield,  the  differences  are  not 
statistically  significant.* 

The  absolute  numbers  are  higher  for  a  comparison  across  subfields  of  the  percentage  of 
graduates  in  postdocs,  as  shown  in  Table  19.  The  table  contrasts  percentages  for  the 
earliest  and  most  recent  years,  separating  U.S.  citizens  and  temporary  visas.  Again, 
mentors  not  reporting  their  subfield  produced  anomalous  results.  Apart  from  them, 
relatively  high  postdoc  percentages  occur  for  the  graduates  out  six  or  seven  years  whose 
mentors  were  in  Theoretical  and  Physical  Chemistry.  However,  none  of  the  subfields  is 
significantly  different  from  the  total.* 

For  a  comparison  of  graduates'  employment  categories  according  to  subfield.  Table  20 
combines  all  graduation  years.  The  table  shows  clearly  that  Analytical  Chemistry 
graduates  tend  to  go  into  Industry,  not  into  postdocs.  The  highest  percentage  in  postdocs 
is  associated  with  Biochemistry.  Physical  Chemistry  graduates  are  most  likely  to  take 
temporary  jobs.  Theoretical  Chemists  show  the  highest  percentages  in  three  important 
categories:  Government,  Four-year  academic  institutions,  and  jobs  outside  Chemistry. 

OCCUPATIONS  OUTSIDE  CHEMISTRY 

Survey  respondents  were  asked  to  name  the  job  if  the  graduate  was  employed  outside 
Chemistry  in  the  U.S.  Table  21  tabulates  those  answers.  The  most  frequent  responses 
were  related  to  computing,  law,  and  medicine.  It  should  be  emphasized  that  the  mentors' 
responses  were  the  mentors'  designations,  not  a  choice  between  categories  given  by  the 
questionnaire. 

GEOGRAPHIC  EFFECTS 

Economic  conditions  differ  across  the  country,  and  it  appeared  possible  that  sluggish 
conditions  in  certain  regions  might  affect  the  survey  results.  Specifically,  the  1994 
unemployment  rate  averaged  6.1  percent  nationally;  but  it  ranged,  by  state,  from  8.6 


*Chi  squared  is  8  or  less. 
^According  to  t-tests  at  the  .05  level. 
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percent  in  California  to  2.9  percent  in  Nebraska.  By  region,  high  unemployment  occurred 
in  the  West  (7.2  percent)  and  Pacific  states  (8.0  percent),  while  unemployment  was  low 
in  the  West  North  Central  (4.2  percent)  and  East  North  Central  (5.5  percent)  states.^ 

To  pursue  the  line  of  reasoning,  we  separated  the  survey  responses  according  to  the 
geographic  region  of  the  mentor's  institution  for  two  further  tables.  Table  22  shows 
unemployment  rates  for  the  PhDs  for  all  graduation  years  by  region.  The  only  region  that 
stands  out  is,  pen/ersely.  the  East  North  Central,  with  a  high  of  3.9  percent.  As  above, 
the  total  workforce  of  that  region  had  low  unemployment.  Table  23  then  makes  the 
comparison  for  postdoc  percentages.  Although  there  are  differences  across  the 
institutions'  regions,  they  do  not  follow  the  economic  pattern  measured  othenwise.'  We 
conclude  that  the  graduates'  employment  status  is  not  significantly  tied  to  their  institutions' 
regions. 

GRADUATES  IN  INDUSTRY 

The  importance  of  the  role  of  universities  in  preparing  graduates  for  industrial  positions 
warrants  a  review  of  the  foregoing  tables  that  focuses  on  industry.  Tables  2  and  3  show 
that  the  percentage  of  graduates  found  in  industry  increases  over  time  rather  quickly, 
reaching  a  plateau  of  sorts  after  four  years  following  graduation.  The  plateau  differs  for 
U.S.  citizens  and  temporary  visas:  about  half  the  U.S.  citizens  wind  up  in  industry  in 
contrast  to  23  to  28  percent  of  the  temporary  visas.  However,  after  combining  the  groups 
and  counting  all  PhD  graduates  who  remain  in  the  U.S.  five  or  more  years  after 
graduation  (graduation  years  1988  through  1990),  more  than  half  the  graduates  are  in 
industry. 

With  reference  to  Tables  10  through  13,  the  "higher  production"  institutions  are  more  likely 
to  provide  graduates  for  industry  (56  percent  and  roughly  25  percent  in  the  last  years,  for 
U.S.  and  temporary  visas,  respectively)  than  are  the  "lower  production"  institutions  (52 
percent  and  roughly  20  percent  in  the  same  years,  respectively).  According  to  Table  20, 
the  mentor  subfields  with  the  highest  likelihood  of  the  graduates  going  into  industry  are 
Analytical  (54.0  percent).  General  (45.5  percent),  and  Organic  (43.4  percent). 


OTHER  RESEARCH 

The  annual  survey  of  graduates  in  Chemistry  conducted  by  ACS  gives  infonnation  on 


^e  data  on  unemployment  rates  (Bureau  of  Labor  Statistics,  1994)  followed 
the  same  assignment  of  states  to  regions  as  did  the  "standard"  assignment  used  in 
previous  ACS  publications.  (See,  for  example,  ACS.  1994b.) 

^The  difference  is  statistically  significant  at  the  .01  level  by  t-test. 

'For  the  1988-89  combination,  only  the  West  North  Central  postdoc  percentage 
is  significantly  higher  than  the  nation's  at  the  .05  level  by  t-test. 
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both  salaries  and  employment  status.  Students  who  received  PhDs  during  the  academic 
year  1 993-94  reported  on  their  situation  as  of  July  through  November  1 994.  Employment 
of  the  388  respondents  was  as  follows  (ACS,  1994b): 

Full-time  in  Chemistry  37.9% 

Full-time  in  Non-Chemistry  2.3 

Postdoctoral/Fellowship  40.2 

Seeking  employment  [unemployed]  17.0 

Not  seeking  employment  2.6 

Total  100.0% 

It  is  possible  that  those  unemployed  in  1 994  found  positions  by  the  time  of  the  current 
survey.  The  Department  of  Career  Services  Bulletin  (ACS,  1994c)  commenting  on  the 
trends  notes,  "The  percent  of  doctoral  graduates  taking  postdoctoral  appointments  is  a 
measure  of  the  demand  for  PhDs.  ...  This  year  the  percent  of  ...  graduates  taking 
postdoctoral  appointments  was  40%,  down  from  45%  last  year.  Rather  than  indicating 
an  increase  in  demand,  however,  this  may  indicate  that  new  doctorates  are  having  a  hard 
time  obtaining  postdoctoral  fellowships  as  well  as  in  obtaining  full-time  employment.* 

In  the  process  of  preparing  recommendations  on  graduate  education  for  scientists  and 
engineers,  staff  of  the  National  Research  Council  analyzed  earlier  data  from  the  Survey 
of  Doctorate  Recipients  (SDR)  (Committee  on  Science,  Engineering,  and  Public  Policy, 
et  al-  1995).  They  found  indications  of  employment  difficulties  and  reported  "The 
unemptoyment  rate  [of  all  U.S.  PhDs]  as  of  1993  ...  was  still  low  at  1.6%  but  was 
increased  from  the  roughly  1.0%  of  the  1980s  and  1.4%  in  1991."  (Ibid.,  p.  4-2).  Their 
categories  of  employment  for  PhDs  in  Chemistry  in  1991  showed'  percentages  of 
respondents  broken  out  for  "new"  (1-4  years  after  U.S.  PhD)  and  "recent"  (5-8  years  after 
U.S.  PhD)  graduates  which  are  copied  in  Table  24,  below.  "Not  employed"  includes  both 
those  seeking  and  not  seeking  employment. 

Results  from  the  current  survey  were  recast  into  a  fonn  that  can  be  contrasted  with  the 
SDR,  by  omitting  all  graduates  not  in  the  U.S.  and  defining  "recent"  to  be  those  5  to  7 
years  after  graduation.  These  percentages  are  also  presented  in  Table  24.  (They  total 
more  than  100  because  of  multiple  responses.) 


*The  pre-publication  copy  of  Reshaping  the  Graduate  Education  of  Scientists 
and  Engineers  contained  errors  that  will  be  corrected  in  the  final  publication.  This 
report  uses  data  from  correspondence  with  the  study  director  (McGeary,  1 994). 


TABLE  24 
PERCENTAGES  OF  GRADUATES  BY  EMPLOYMENT  CATEGORY 


Post- 

Academe 

Business/ 

U.S. 

Ottier 

Not 

doctoral 

Industry 

Govl 

Employ 

EmpI 

SDR  (1991) 

•New            13.8 

19.2 

57.7 

3.1 

1.9 

4.4 

■Recenr        2.5 

21.2 

60.9 

2.4 

6.2 

6.9 

Current  (1995) 

"New            38.4 

11.3 

34.1 

4.2 

9.9 

3.7 

"Recent"        11.8 

17.2 

51.4 

6.3 

10.3 

3.2 

The  procedures  followed  in  the  two  surveys  were  quite  different.  If  the  figures  are  truly 
comparable,  however,  a  massive  shift  toward  the  employment  of  postdocs  has  occurred 
in  the  past  four  years. 

The  graduate  education  report  (Committee  on  Science,  et  al..  1995),  a  report  on  federal 
scientists  (Campt^ell,  et  al.  1993),  and  studies  of  professional  associations  cited  in  the 
former  reports  agree  that  the  employment  pattems  for  scientists  have  changed  recently. 
There  is  no  conclusion,  however,  on  what  rates  of  unemployment,  temporary  employment, 
or  employment  in  postdoctoral  positions  would  be  deemed  excessive.  Although 
numerous  studies  address  the  problem  of  defining  "full'  employment  or  "oversupply,"  the 
problem  is  not  solved. 


FUTURE  RESEARCH 

Two  concerns  call  for  additional  attention.  The  first  is  that  the  current  survey  reveals  what 
mentors  reported  based  on  what  they  believe  to  be  the  status  of  their  graduates,  not  in 
what  the  graduates  themselves  actually  experienced.  Introducing  the  mentors  as  an 
intervening  step  in  the  information  gathering  could  produce  en-or  from  two  major  sources: 
(1 )  It  is  unlHcely  that  the  mentors  surveyed  the  graduates  specifically  for  the  current  study; 
a  sampling  of  respondents  indicated  that  they  had  not.  That  Is,  the  replies  reported  here 
are  based  on  the  most  recent  information  the  mentors  had,  which  could  be  out  of  date. 
We  would  expect,  therefore,  that  the  employment  data  are  skewed  toward  older  pattems. 
The  high  peroerUages  of  postdocs  reported  for  the  early  graduation  years  could  be  due 
\n  part  to  the  mentors  not  hearing  of  moves  out  of  those  appointments.  (2)  The 
graduates  for  whom  mentors  had  current  information  would  tend  to  be  those  in  less 
desirable  jobs;  e.g.,  postdocs  seeking  permanent  positk>ns  woukJ  be  asking  their  mentors 
for  references.  This  factor  would  cause  bias  In  both  response  rate  (since  mentors  would 
be  less  likely  to  return  the  questionnaire  if  they  had  no  idea  of  what  had  happened  to  the 
graduate)  and  favoring  of  the  undesirable  categories  when  a  mentor  did  respond.  It 
wouM  be  wise  then  to  survey,  directly,  a  sample  of  the  graduates  and  compare  their 
statements  of  employment  status  with  their  mentors'.  Absent  a  survey  of  the  graduates. 
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surveys  of  mentors  allow  internal  comparisons,  and  the  current  survey  provides  a 
baseline  for  further  surveys  of  the  mentors  to  ascertain  changes  in  their  perceptions  over 
time. 

The  second  concern  is  the  current  meaning  of  postdoctoral  appointments.  This  survey 
was  initiated  under  the  assumption  that  it  is  undesirable  for  PhDs  to  be  postdocs  six 
years  after  graduation.  However,  "postdocs"  were  not  defined  in  the  survey  instrument, 
and  the  freedom  left  to  mentors  implies  a  variety  of  interpretations  of  "postdoc."  tt  is  also 
reported  (Committee  on  Science,  et  al..  1995)  that  some  employers  are  expecting  longer 
terms  in  postdoc  positions  for  full  qualification  as  researchers.  Furthermore,  according 
to  comments  on  the  survey,  some  research  groups  in  universities  are  rather  separate 
from  traditional  graduate  education  and  employ  postdocs  instead  of  graduate  students. 
It  is  possible,  then,  that  a  change  in  the  organization  of  research  has  given  new  meaning 
to  postdocs.  An  increase  in  the  number  of  postdocs  might  have  some  benefits.  These 
possibilities  suggest  the  value  of  a  study  of  postdoctoral  positions  as  related  to  the 
graduates'  education,  means  of  support,  and  research  roles.  Representative  questions 
would  be:  What  are  and  should  be  the  purposes  of  postdoctoral  positions?  Are  there 
equivalents  to  academic  postdocs  in  industry?  What  do  research  grants  assume  about 
the  use  of  postdocs?  Are  there  changes  in  the  attitude  of  researchers  and  recent 
graduates  about  holding  postdocs? 
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APPENDIX  A 

MAILING 

Timing  desired  for  the  first  mailing  of  the  survey  necessitated  using  a  non-personalized 
"Dear  Colleague"  letter  with  a  general  questionnaire  and  existing  mailing  labels.  Names 
and  addresses  of  faculty  members  were  drawn  from  the  1993  Directory  of  Graduate 
Research.  Letters  totaling  4,509  were  sent  first  class  to  the  faculty  members  on  January 
20,  1 995.  The  mailing  list  was  then  computerized.  Responses  from  the  first  mailing  were 
"flagged;"  and  3,291  letters  and  questionnaires  were  mailed,  also  first  class,  to  non- 
respondents  on  February  28  in  the  second  round.  The  computerization  allowed  a 
personalized  cover  letter  and  questionnaire  to  be  mailed  in  the  second  round. 

RESPONSES 

A  total  of  1 ,735  valid  questionnaires  was  received  for  analysis.  Twelve  other  forms  were 
returned  only  after  the  respondent  removed  all  identifying  information.  We  set  these 
aside.  An  additional  392  letters  or  forms  were  received  from  individuals  saying  that  they 
had  no  students  to  report.  Additional  information  provided  by  some  respondents  on  other 
students  or  other  years  was  omitted  from  further  consideration.  Since  many  faculty 
members  did  not  reply  because  they,  legitimately,  had  nothing  to  report,  we  believe  that 
a  traditional  measure  of  response  rate  that  uses  simply  the  number  of  replies  is  not  useful 
in  gauging  the  completeness  of  the  survey. 

The  meaningful  figure  for  interpreting  the  coverage  of  the  desired  population  is  the 
number  of  PhD  graduates  reported  relative  to  that  number  produced.  The  1,735 
responses  covered  8,956  PhDs  who  graduated  during  the  years  1988  through  1994.  The 
relevant  rates  of  coverage  by  production  pentile  (with  derivation  of  the  pentiles  explained 
in  the  text)  are  as  follows: 
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PhDs  Produced 

Number  Accounte 

d        Fracti( 

for  in 

Survey 

Pentile  1 

6937 

4118 

0.594 

Pentile  2 

3652 

2108 

0.577 

Pentile  3 

1995 

1431 

0.717 

Pentile  4 

1173 

741 

0.632 

Pentile  5 

679 

540 

0.795 

So  there  is  reasonable  representation  from  each  pentile.  As  another  measure  of  how 
representative  the  responses  were,  the  survey  mailing  list  included  185  institutions  with 
active  departments  that  had  produced  PhDs  during  the  period  of  interest.  The  mailing 
addresses  of  the  respondents  showed  at  least  one  reply  from  all  but  one  of  these 
institutions. 

DATA  STRUCTURE 

The  questionnaire  data  were  entered  into  two  dBase  files,  one  containing  information  on 
the  respondent  including  rank  and  subfield  (the  "address  file")  and  the  other  containing 
one  record  for  each  year  in  which  a  mentor  provided  valid  data.  The  latter  file,  on  the 
graduates,  consisted  of  5,015  records.  The  218  records  for  which  the  mentor's  institution 
had  changed  from  that  in  the  mailing  address  were  tied  back  to  a  "moved  to"  record  in 
the  address  file.  Two  additional  files  were  created  to  link  (1)  institutions  with  their  PhD 
production  (hence  their  pentiles)  and  (2)  states  with  their  geographic  region. 

INTERPRETATION  OF  THE  SURVEY  FORM 

Some  ambiguities  in  the  form  lead  to  alternative  interpretations  of  what  was  truly  intended 
by  how  the  mentors  entered  their  data.  Two  ambiguities  were  (1)  the  form  gave  no 
option  for  the  graduate  to  work  in  another  country  unless  he  or  she  was  on  a  temporary 
visa  at  the  time  of  entering  graduate  school  and  (2)  some  of  the  choices  for  current 
occupation  could  overlap,  e.g.,  "Currently  in  Temporary  ...  Employment"  in  "Industry"  or 
working  in  a  government  laboratory  affiliated  with  a  university,  which  could  lead  to 
designating  the  graduate  in  both  "Govt"  and  "Other  acad."  The  first  ambiguity  would  lead 
to  the  sum  of  the  choices  being  less  than  the  total  num.tjer  of  graduates  as  entered  by 
the  mentor  (unless  the  mentor  placed  the  graduate  in  another  category).  The  second 
would  lead  to  the  sum  of  the  choices  being  greater  than  the  mentor's  separate  statement 
of  total  graduates. 

In  addition,  since  the  form  provided  no  response  category  for  the  mentor  who  did  not 
know  the  graduate's  current  location,  such  a  mentor  would  have  to  skip  all  choices  given, 
creating  the  situation  in  which  the  sum  of  the  choices  would  be  less  than  the  mentor's 
total  number  of  graduates. 
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Two  other  misleading  patterns  emerged  upon  Inspection  of  the  individual  completed 
forms.  (1)  Many  mentors  did  not  enter  the  total  but  merely  entered  one  or  more  of  the 
choices  for  current  occupation  (sometimes  by  checking  an  item  rather  than  giving  a 
number),  and  (2)  some  mentors  were  stymied  by  how  to  respond  for  a  graduate  who 
gained  U.S.  citizenship  after  admission  (for  some,  possibly  after  graduation)  and  split 
numbers  between  two  lines  presumably  for  the  same  graduate.  (The  instruction  on  the 
form  was  to  count  the  status  at  the  time  of  entrance.)  Whereas  the  second  problem 
could  be  interpreted  when  there  was  only  one  graduate  in  a  year,  it  was  very  hard  to 
unravel  if  the  form  showed  multiple  graduates. 

Accordingly,  we  used  the  following  interpretation  when  the  total  number  of  graduates 
given  by  the  mentor  did  not  agree  with  the  sum  of  the  categories  listed  by  the  mentor: 

1.  If  the  graduate  total  was  blank,  it  was  assumed  to  be  the  sum  of  the  choices 
given. 

2.  If  the  graduate  total  was  less  than  the  sum  of  the  choices,  we  used  the  total  and 
assumed  overlapping  choices. 

3.  If  the  graduate  total  was  greater  than  the  sum,  we  used  the  total  and  assumed  the 
missing  choices  were  not  on  the  form,  e.g.,  "Do  not  know"  or  a  choice  such  as 
"U.S.  citizen  employed  out  of  the  U.S." 

In  the  final  column  of  the  basic  tables,  "sum  less  total,"  the  "sum"  refers  to  the  sum  of  the 
choices  given,  and  the  "total"  is  the  number  of  graduates  as  entered  by  the  mentor.  This 
column  measures  the  difference  between  the  number  of  multiple  responses  given  for  an 
individual  graduate  and  the  absence  of  employment  information  given  for  individuals  who, 
mentors  indicated,  were  graduates.  The  uncertainty  in  distribution  across  the  employment 
categories  introduced  by  this  aspect  of  the  responses  is  about  1  percent  of  the  total. 
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American  Chemical  Society 


OFRCE  OF  THE  PRESIDEtlT 


NedO.  Hetndel 
Presxienl-aect,  1983 
Presklent.  1994 
Immedale  Past  President.  1985 


1 155  SIXTEENTH  STREET,  N.W. 
WASHINGTON.  D.C  20036 
Phone  (202)  672-4600 


Januaiy  20,  1995 


Dear  Colleague: 

We  need  your  help  in  collecting  a  more  accurate  census  of  employment  in  chemistiy. 

The  1994  ACS  Employment  and  Salary  Survey  reports  the  highest  unemployment  rate 
for  chemists  in  more  than  20  years.  We  have  anecdotal  information  and  general  percep- 
tions that  the  situation  is  even  bleaker  for  recent  PhD  graduates.   Some  leaders  of  our  pro- 
fession believe  that  many  recent  PhD  recipients,  while  officially  employed,  are  in  fact  stuck 
in  temporary  posts  which  offer  little  opportunity  for  advancement   ACS  is  deeply  con- 
cerned about  the  employment  outlook  and  several  governance  groups,  including  a  special 
Presidential  Task  Force  on  Doctoral  Education,  are  exploring  what  the  Society  might  do  to 
help.   An  accurate  assessment  of  the  employment  status  of  recent  PhD  graduates  is  sorely 
needed. 

We  would  like  to  know  on  the  enclosed  survey  sheet  what  each  student  who  received  a 
PhD  under  your  supervision  in  the  years  listed  is  doing  now  (not  upon  graduation).  As  the 
PhD  mentor,  you  are  in  the  best  position  to  provide  the  accurate  information  necessary  for 
the  important  work  ahead. 

We  are  also  interested  in  any  comments  or  suggestions  you  have  related  to  the  employ- 
ment situation  or  how  the  education  process  could  better  prepare  chemical  professionals 
for  entry  into  our  ever  changing  job  market  If  the  PhD  program  in  your  department  has 
some  unique  features  that  give  the  graduates  an  advantage  in  the  job  market,  we  would 
appreciate  receiving  information  about  that  program  with  your  response.  Please  fax  your 
completed  survey  to  (202)  872-4529  or  return  it  in  the  enclosed  postage  paid  envelope  by 
Februaty  19,  1995.  Thank  you  for  your  important  contribution  to  this  essential  study. 


Sincerely  yours. 


/^v/'/t/-^ 


Ned  D.  Heindel 


enclosures 
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American  Chemical  Society 


OFRCeOFTHEP«ES.DeNT  '^^^^^^Tol'^'''' 

Phone  (202)  872-4600 

NedD.  HemM 
Presilenl-aect.  1993 
President.  1994 
Inrnedole  Past  President  199S 

Febniary  27.  1995 


DearDr 


A  few  weeks  ago  i  asked  for  your  help  in  performing  a  census  of  employment  in 
chemistry.  If  you  have  returned  the  questionnaire  and  it  has  crossed  this  letter  in  the  mails,  I 
thank  you.  If  you  have  not  completed  the  survey  form  yet,  I  encourage  you  to  fill  it  out  and 
return  it  to  us.  A  copy  of  the  form  is  enclosed  for  your  use. 

We  have  heard  some  reports  that  employment  patterns  for  our  recent  PhD  graduates  are 
particularly  unfavorable.  It  is  important  to  discover  whether  these  anecdotal  reports  are  true. 
Regardless  of  how  well  you  believe  your  graduates  are  doing,  and  even  if  you  were  responsible 
for  few  graduates  during  this  period,  we  need  your  contribution  to  the  whole  picture. 

Please  complete  the  enclosed  form  for  students  who  received  the  PhD  under  your 
supervision  in  the  calendar  years  listed.  Your  response  should  describe  what  the  graduates  are 
doing  now,  not  immediately  after  graduation.  Please  return  the  form  by  March  17,  using  the 
enclosed  postage  paid  envelope  or  by  fax  to  (202)  872-4529. 

Thank  you  for  participating  in  this  essential  st"dy.  Please  let  me  know  if  you  would  like  a 
summary  of  the  study  results. 

Sincerely  yours. 


/7v/'/t/-^ 


Ned  D.  Heindel 
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FIGURE  1 


and 


TABLES  1  through  23 
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Figure  1 

Status  of  PhD  graduates  entering  programs  as 
U.S.  citizens  and  on  temporary  visas 

Percentage  of  graduates  in 
postdoctoral  positions 


1(94)       2(93)       3(92)       4(91)        5(90)        6(89)       7(88) 
Number  of  years  after  graduation  (year  of  graduation) 


373 


rn!^ 

O  c-(  CO  O  c-t  rH  »0 

Ol 

2  W  Eh 

on         c-( 

5  w  O 

W  hJ  tn 

J  W  W 
^  PQ  Q 

O  00  tN  W  H  N  •* 

VO 

00  n  <-l  a»  fo  "  vD 

■<r  •<*  fo  rg  (^  -H  o 

a^ 

rH    rH    H    H    rH   rH   rH 

Eh  5  O 

Z,        >* 

(Ti  •>3'  n  (N  vo  r^  in 

VO 

2        PS 

vD  (^  rH  o  o  cri  00 

5        H 

i-H   rH   <H 

&H          Z 

Pd  O  * 

«  EH  O 

o<      o 

O   ^  O  (71  <N  O  <■ 

CTl 

a     2 

iH  H  <H  H  rH  rH 

W         H 

« 

H  H  W 

O  O  W 

Z  Z  W 

>< 

o<  o 

a  z 

>< 

W  H 

CQ 

w 

H  W 

1 

o  w 

z  m 

t/l 

W 

a   • 

H 

H  W  W 

<: 

D  K     • 

r> 

O  O  D 

Q 

^. 

o 

EH      . 

Q 

O  D 

s 

a< 

^S 

fo 

U  H 

o 

<  O 

m 

p 

Q  « 

H 

<  >< 

< 

U    1 

H 

<   -T 

W 

EH 

H 

> 

Z 

O 

w 

EH 

u 

W  U 

(11 

O  O 

C 

% 

u 

>< 

< 

CO  ^^  CN  O  H  I'  (33 


O  O  i-H  rH  (Ti  [^  n 
CM  n  lO  00  t^  r^  00 

H  rH  rH  c-H  r^  rH  r-H 


(N  CN  VO  rH  00  O  T 
O  (^  m  t^  n  ID  (NJ 

n  ^  ■<3'  m  IT)  in  10 


o^  rH  r>)  in  o  ■<*  r^ 

•>T    O    <J\    »*    ID    r^   (T> 
r~   VO   n   CM  rH   rH 


^    n  CN    rH  O    <J1   00 

cyi  <T»  0^  0^  O^  00  00 

(TV  <3^  <J\  <J^  <X>  0^  tJ^ 

rH  rH  rH  rH  rM  rK  rH 


■sr  in  00  t^  00  00  oo 


O   rH  rH   O   O 


CM    CM    rH    CO    CM    rH 


H    rH    rH   C>0    CM    n    CM 


O    O    O   O   O    O    O 


i4_(       rnn«3"in>i)inin 


(X)  in  CO  n  'a*  CO  en 


en  00  n  o  CTi 


■>»    CO 
(J>  CT\ 


cvj  H  o  <Jl  00 
<j\  (j\  o^  00  CO 

<yi  <J^  <Ti  O^  (Tl 


374 


w  I^ 

w 

■*  n  o  <yi  <N  •tr 

rH 

S  W  Eh 

(N 

<N         H 

5  w  o 

W  hJ  H 

« 

lO 

00  o  00  00  r-  oi 

in 

J  w  w 

3  «  Q 

VO 

VD    n    CO   lf>    rH    U3 

en 

z 

o 

O  CTi  (T»  <T»   (T^  CO 

i^ 

o 

H  2  < 
O  5  2 

iH 

rH 

VD 

H 

t^  5  O 

< 

D 

Q 

S' 

2;      >- 

C^ 

m  r-~  i-~  t^  i^  00 

ID 

a      « 

»!• 

O 

5        H 
H        2 

(i. 

w  o  ~ 

o 

«  H  O 

X 

Eh  H  W 

X 

O  O  H 

ffl 

Z  Z  W 

S  Z 

w 

W  M 

z 

K 

w 

H  W 

N 

O  W 

M 

Z  W 

H 

H 

s   • 

u 

Eh  W  W 

r>j 

w 

O  O  D 

w 

ci: 

►J 

;-) 

w   • 

w 

K  W 

< 

1 

Eh     • 

H 

w 

O  D 

H 

^g 

< 

O  H 

D 

<  O 

a 

^ 

Q  « 

o 

U    1 

Q 

<  ^ 

W 

CU 

Eh 
> 

fc 

O 

O 

O 

w 

1 

g 

< 

Q  » 

H 

z  « 

W 

H  H 

H 

(1, 

Z 

2 

1X1  iH  r-  m 


^o  o  o  o  o  •^  «3 


n  o  ^  ^  VD  o  VD 
"*  t^  00  00  r^  o  t^ 
CN  n  m  ^r  ^  in  t 


o  o  o  o  o  o  o 


(N    CM    (M    H    n    .H    rH 


cH    rH    rH    tN    n    r)    (N 


O    O    rH    rH    rH    O    O 


(N    CM    rH    iH    (Nl    rH    n 


Cn   O  (N   in   li)   lO   CTl 


m  o  in  vo  h-  «p  <i) 


W  O 
O  O 

a<  Q 


CO  CN  -"J  r^  rH  00  CTl 

n  tN  in  r^  rH  00  lo 

in    ■>«•   CM   rH   rH 


T  ri  CM  H  o  cj^  00 

O^  CTl  0^  Cl  CTl  CO  CO 

o>  <yi  o>  a»  o>  cyi  cri 


■a*  n  CM  rH  o  o>  CD 
CTi  (Ti  en  en  cTi  CO  CO 
(71  (Tt  en  <yi  (n  o^  en 


375 


w 

:^ 

r-l  t^  0  0  CO  rH  N 

rH 

t      t 

5  w  o 

S 

U)  iJ  H 

0: 

in  0  (M  rH  rt  If)  in 

rH 

o 

^S 

CO 

H  t^  eo  H  I^  cH  o« 

to 

H 

Q 

T  n  r>  <»>  (M  01  rH 

rt 

% 

0  5 

g 

CM 

g 

h5 

0 

<>{•  itt>  ae  <n>  ie  M>  ae 

dp 

o 

i 

> 

CM  rH  to  in  Ot  0  C^ 

w  t--  0  o>  w  o>  t^ 

0 
0 

ot  CM  t^  in  n  ot  in 

CO 

(h 

5 

rH 

.    «> 

V  ot  C^  0  to  rt  o» 

t^ 

o 

u  0 

? 

rt  rt  CM  en  0  ^  PI 

CM 

s 

a:  t<  u 

dp 

u 

a. 

0 

^  n  0  *0  tH  iH  0 

CO 

0  CO  CO  ot  «  m  0 

CO 

>« 

§ 

z 

M 

rt 

rt  0  0  rt  0  0  0 

0 

X 

K 

00 

1 

0  0  U 

Z  Z  CO 

<M>  <W>  d^  4^  dp  4P  ^ 

dp 

(0 

Q.O 

0  00  <M  in  00  9>  •* 

to 

CO  CM  rt  to  Ot  (M  rt 

r-l 

< 

sz 

CM          r-l 

to 

M 

M  H 

^  CM  PI  rt  CM  ^  CM 

n 

M 

:<: 

> 

0  W 

> 

z  CO 

s 

w  01  t^  ^r  ■*  n  rM 

rt 

iM>  «>  dp  dp  dp  <«P  <«> 

r«  in  CO  CO  in  ■*  0 

dP 

f? 

H  W  CO 

0 

o 

D  S 

• 

N  0  r-i  r-t  r^  r^  r-i 

<-t 

r> 

0  0  D 

§ 

dp  dp  dP  dp  dp  dp  dp 

dp 

U 

u 

C6 

rg  ri  (M  0  rH  0  fM 

CO 

in  PI  in  0  t  0  0 

T 

i-> 

H 

U    • 

• 

BQ 

X  CO 

0  0  0  0  0  0  rt 

0 

< 

1 

H     . 

b> 

CO 

0  D 

dP  dp  dp  dP  dp  dp  dp 

dp 

H 

§g 

to  CO  *  vo  0  n  T 

•>* 

•<r  N  0  0\  r^  T  i-l 

to 

bi 

n 

• 

< 

UH 

fi  et  r^  r^  ft  t->  Ot 

rt 

O 

<o 

dp 

g 

C^  0  rH  «0  n  «  CO 

at 

rt  ^  rt  T  t  CM  r« 

t 

sg 

rH  (M  m  <M  (M  CM  rH 

in 

u 

• 

(9 

rt 

<D 

«  in  CO  00  00  rt  Ot 

1^ 

U   1 

01 

<-i 

Q 

<■» 

>i 

S 

dp 

0. 

t 

10  c^  to  in  0  0  « 

CO 

U 

«  at  to  to  t^  0  rt 

CO 

rH 

<n 

0 

• 

fa 
o 

0 
0 

«H 

rH  rHrt  rt  cn  0  r<i 

ft 

rH 

dP  dp  dP  dp  dp  dp  dP 

dp 

(Q 

1 

o>  m  <M  r^  CM  0  CD 

0 

<0 

CM  00  00  0  tv  P>  to 

* 

g 

CO 

in  to  t^  00  ^o  in  « 

'T 

4i 

•     •••••• 

• 

0 

* 

0 

«  to  CO  00  CM  r»  >» 

0 

S 

a> 

4J 

rt  rt  rt  rti  r>i  N  CM 

CM 

0] 

gg 

ItH 
0 

dp 

1 

P* 

0  to  rH  at  in  00  0 

at 

00  m  at  ot  CO  1^  rt 

t^ 

Jg 

CM  rH  rH                      rH 

t^ 

« 

•    •••••• 

• 

H 

4> 

«.«  CM  N  rt  r^  in 

P> 

s 

dp 

s 

&i 

u 

rH  0«  00  00  Ot  to  CO 

Ot 

C 

00  «  m  ot  o\  rt  « 

at 

^ 

CO  u 

4' 

iH  tv  CM  to  *  CM  «M 

CO 

0 

• 

s§ 

i 

CM  rH  rH 

to 

u 

0  CO  r^  rt  C^  CM  « 

ri 

f 

in  «  (n  CM  rt  rt  rt 

«n 

^ 

c 

«  m  CM  rH  0  9t  CO 

*  PI  CM  rt  0  at  CO 

2 

ON  at  91  at  ot  CO  00 

»J 

Ot  Ot  at  Ot  ON  CO  00 

►J 

X 

^ 

^  ^  at  ^  ^  at  ^ 

i 

^ 

ON  at  ON  ot  ON  ON  ot 

i 

376 


TABLE  4 

Institutions  on  Mailing  List 

Grouped  by  Pentile 
According  to  PhD  Production 


Institution 


State 


Pentile  1 


Univ.  of  Calif ./Berkeley  CA 

Purdue  University  IN 

MIT  MA 

Univ.  of  Illinois/Urbana  IL 

Univ.  of  Wisconsin/Madison  WI 

Texas  A  &  M  Univ.  TX 

Ohio  State  Univ.  OH 

Univ.  of  Calif. /Los  Angeles  CA 
I A  State  Univ.  of  Sci  and  Tech  I A 

Univ.  NC  at  Chapel  Hill  NC 

University  of  Minnesota  MN 

Pennsylvania  State  Univ.  PA 

Stanford  University  CA 

Univ.  of  Texas/Austin  TX 

Univ.  of  Florida  FL 

Calif.  Inst,  of  Technology  CA 

Univ.  of  Calif. /San  Diego  CA 

Indiana  University  IN 

Northwestern  Univ.  IL 

Michigan  State  Univ.  MI 

Cornell  University  NY 

Harvard  Univ.  MA 

Univ.  of  Chicago  IL 

Univ.  of  South  Carolina  SC 

University  of  Washington  WA 

Yale  Univ.  CT 

Univ.  of  Colorado/Boulder  CO 

Univ.  of  Cincinnati  OH 

Univ.  of  Maryland  MD 

Univ.  of  Pittsburgh  PA 

University  of  Michigan  MI 

Univ.  of  Penn.  PA 

Columbia  University  NY 

Princeton  Univ.  NJ 


Pentile  2 


Wayne  State  Univ.  MI 

University  of  Arizona  AZ 

Univ.  of  Calif. /Davis  CA 

State  Univ.  NY  Buffalo  NY 

University  of  Rochester  NY 

CUNY  NY 

State  Univ.  NY  Stony  Brook  NY 

VA  Poly  Inst. /State  Univ.  VA 

Univ.  of  MA  Amherst  MA 
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Rutgers  Univ.  New  Brunswick  NJ 

Univ.  of  Calif ./Irvine  CA 

Univ.  of  s.  Calif.  cA 

Colorado  State  Univ.  co 

University  of  Utah  UT 

Emory  Univ.  GA 
Univ.  of  Calif. /Santa  Barbara  CA 

Univ.  of  Illinois/Chicago  IL 

University  of  Iowa  ia 

Duke  Univ.  NC 

LA  State  Univ. /Baton  Rouge  LA 

Brown  Univ.  ri 

Univ.  of  Delaware  de 

Case  Western  Reserve  Univ.  OH 

Univ.  of  MA  Lowell  ma 

University  of  Nebraska  NE 

Rice  University  tx 

University  of  Tennessee  TN 

GA  Inst,  of  Technology  ga 

University  of  Houston  TX 

Arizona  State  Univ.  az 

Univ.  of  Virginia  VA 

Rensselaer  Poly  Inst.  NY 

University  of  Notre  Dame  IN 

Johns  Hopkins  Univ.  md 

University  of  Oregon  OR 

Oregon  State  Univ.  oR 


Pentile  3 

New  York  University  NY 

Univ.  of  CT  CT 

Polytechnic  Univ.  NY 

University  of  Akron  OH 

Lehigh  Univ.  p;^ 

University  of  Georgia  GA 

Washington  University  MO 

Univ.  of  Calif ./Riverside  CA 

Syracuse  University  NY 

University  of  Oklahoma  OK 

Northeastern  Univ.  MA 

Florida  State  Univ.  FL 

Kansas  State  Univ.  KS 

Texas  Tech  Univ.  TX 

Oklahoma  State  Univ.  OK 

NC  State  Univ.  HC 

Brandeis  Univ.  MA 

University  of  New  Mexico  NM 

Georgetown  Univ.  DC 

University  of  Arkansas  AR 

Boston  Univ.  HA 

Brigham  Young  Univ.  UT 

Carnegie  Mellon  Univ.  PA 

Vanderbilt  University  TN 

Clarkson  Univ.  MY 


378 


Univ.  of  Alabama 

Clemson  Univ. 

Univ.  of  Vermont 

Univ.  of  Missouri/Columbia 

Univ.  of  Calif. /Santa  Cruz 

North  Dakota  State  Univ. 

State  Univ.  NY  Binghamton 

Univ.  of  Wisconsin/Milwaukee 

University  of  Kentucky 

Miami  University 

Univ.  of  Missouri/Rolla 


Pentile  4 


Northern  Illinois  Univ. 

Univ.  of  North  Texas 

University  of  Hawaii 

State  Univ.  NY  Albany 

University  of  Kansas 

New  Mexico  State  Univ. 

Colorado  School  of  Mines 

Virginia  Commonwealth  Univ. 

S.  Illinois  Univ./Carbondale 

Wesleyan  Univ. 

University  of  Texas/Arlington 

Rutgers  Univ. 

Tufts  Univ. 

American  University 

University  of  New  Orleans 

Auburn  University 

Dartmouth  College 

Boston  College 

Univ.  of  Louisville 

University  of  Miami 

Marquette  University 

Univ.  of  NH 

Temple  Univ. 

Seton  Hall  Univ. 

Washington  State  Univ. 

University  of  Wyoming 

Univ.  of  Missouri/St.  Louis 

Univ.  of  RI 

Ohio  University 

Loyola  Univ.  of  Chicago 

OR  Grad.  Inst,  of  Sci/Tech 

University  of  Idaho 

Howard  University 

Univ.  of  South  Florida 


AL 
SC 
VT 
MO 
CA 
ND 
NY 
WI 
KY 
OH 
MO 


IL 

TX 

HI 

NY 

KS 

NM 

CO 

VA 

IL 

CT 

TX 

NJ 

MA 

DC 

LA 

AL 

NH 

HA 

KY 

FL 

WI 

NH 

PA 

NJ 

WA 

WY 

MO 

RI 

OH 

IL 

OR 

ID 

DC 

FL 


Pentile  5 


Drexel  Univ. 
Univ.  of  Maine 
Clark  Univ. 
Rockefeller  Univ. 
Cleveland  state  Univ. 


PA 
ME 
MA 
NY 
OH 
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Kent  State  Univ.  OH 

Tulane  University  LA 

Texas  Christian  Univ.  TX 

West  Virginia  Univ.  WV 

Univ.  of  S.  Mississippi  MS 

Univ.  of  Alabama/Birmingham  AL 

Univ.  of  MD/Baltimore  County  MD 

Univ.  of  North  Dakota  ND 

University  of  Toledo  OH 

University  of  Nevada/Reno  NV 

Mississippi  State  Univ.  MS 

Stevens  Inst,  of  Tech.  NJ 

University  of  Mississippi  MS 

Catholic  Univ.  of  America  DC 

Baylor  University  TX 

Inst,  of  Paper  Sci.  and  Tech.  GA 

San  Diego  State  Univ.  CA 

Univ.  of  Texas/Dallas  TX 

Univ.  of  Detroit  Mercy  MI 

Univ.  of  Missouri/Kansas  City  MO 

Montana  State  Univ.  MT 

University  of  Montana  MT 

University  of  Memphis  TN 

University  of  Denver  CO 

Wichita  State  Univ.  KS 

George  Washington  Univ.  DC 

Bryn  Mawr  College  PA 

MI  Technological  Univ.  MI 

State  Univ.  NY  -  Envir.  Sci.  NY 

Wake  Forest  Univ.  NC 

NM  Inst,  of  Mining  and  Tech  NM 

Worcester  Poly  Inst.  MA 

Illinois  Inst,  of  Tech.  IL 

University  of  the  Pacific  CA 

Clark  Atlanta  Univ.  GA 

Phi la.  Coll.  Pharm.  &  Chem.  PA 

Duguesne  Univ.  PA 

South  Dakota  State  Univ.  SD 

Indiana  U/Purdue  at  Xndianap.  IN 

Univ.  of  Alaska/Fairbanks  AK 

Scripps  Research  Inst.  CA 

FL  Inst,  of  Technology  FL 


Note:  Computer  error  in  retrieving  data  from  the  Directory  of 
Graduate  Research  resulted  in  the  omission  of  Utah  State 
University  and  Portland  State  University  from  the  mailing  list. 
They  would  appear  in  pentiles  4  and  5,  respectively.   They  will 
be  included  in  future  surveys. 
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TABLE  14 

UNEMPLOYMENT  RATE  FOR  U.S.  CITIZENS  AND  TEMPORARY  VISAS 
BY  INSTITUTIONAL  PRODUCTION  LEVEL  (PENTILES) 
ALL  YEARS  OF  GRADUATION 


p 

E 
N 

T 

I 
L 
E 

Number 

Seeking 

But  Not 

Employed 

.u. 

St 

in 

S.  CITIZENS. 

Total 
from  In-   i 
:itutions 
1  Pentile 

1 

80 

3249 

2 

32 

1620 

3 

18 

990 

4 

11 

555 

5 
ALI 

7 
148 

367 
6781 

TEMPORARY  VISAS 


Percent   Number      Total      Percent 
employed  Seeking   from  In-   Unemployed 
But  Not  stitutions 
Employed  in  Pentile 


2.5  35  869  4.0 

2.0  15  488  3.1 

1.8  4  441  0.9 
2.0  7  186  3.8 

1.9  5  173  2.9 
2.2  66  2157  3.1 
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TABLE  15 

U.S.  CITIZENS  &  TEMPORARY  VISAS  IN  POSTDOCTORAL  POSITIONS 

BY  INSTITUTIONAL  PRODUCTION  LEVEL  (PENTILES) 
COMPARING  TWO  MOST  RECENT  GRADUATION  YEARS  (1993  &  1994) 
WITH  TWO  EARLIEST  GRADUATION  YEARS  (1988  &  1989) 


U.S.  CITIZENS 

Number    Total   Postdoc 
of     from  Percent 
Postdocs   Pentile 


TEMP  VISAS 

Number    Total   Postdoc 
of     from  Percent 
Postdocs   Pentile 


PENTILE  1 

1993 

& 

1994 

494 

1028 

48, 

.1 

1988 

& 

1989 

57 
PENTILE  2 

853 

6 

.7 

1993 

& 

1994 

216 

484 

44. 

.6 

1988 

& 

1989 

49 

PENTILE  3 

449 

10, 

.9 

1993 

& 

1994 

140 

328 

42, 

.7 

1988 

& 

1989 

26 

PENTILE  4 

232 

11, 

.2 

1993 

& 

1994 

64 

169 

37. 

.9 

1988 

& 

1989 

17 
PENTILE  5 

148 

11. 

.5 

1993 

& 

1994 

46 

121 

38. 

.0 

1988 

& 

1989 

7 
TOTAL 

96 

7. 

,3 

1993 

& 

1994 

960 

2130 

45. 

.1 

1988 

& 

1989 

156 

1778 

8. 

.8 

142 

296 

48.0 

26 

181 

14.4 

100 

198 

50.5 

10 

93 

10.8 

88 

172 

51.2 

10 

74 

13.5 

31 

59 

52.5 

7 

39 

17.9 

27 

58 

46.6 

1 

23 

4.3 

388 

783 

49.6 

54 

410 

13.2 
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TABLE  18 

UNEMPLOYMENT  RATE  FOR  U.S.  CITIZENS  AND  TEMPORARY  VISAS 
BY  MENTOR'S  SUBFIELD 
ALL  YEARS  OF  GRADUATION 


u 

.S.  CITIZENS 

Number 

.TEMPORARY  VISAS. 
Total 

Number 

Total 

Percent 

Percent 

Seeking 

from   Unemployed 

Seeking 

from 

Unemployed 

But  Not 

Mentor's 

But 

Not 

Mentor's 

Employed 

Subfield 

Employed 

Subfield 

BLANK  (Unknown) 

30 

699 

4.3 

28 

260 

10.8 

ORGANIC 

31 

1652  • 

1.9 

10 

520 

1.9 

INORGANIC 

17 

854 

2.0 

5 

274 

1.8 

ANALYTIC 

14 

856 

1.6 

5 

204 

2.5 

PHYSICAL 

22 

1001 

2.2 

9 

366 

2.5 

BIOCHEM 

4 

385 

1.0 

2 

126 

1.6 

THEORETIC 

3 

116 

2.6 

1 

26 

3.8 

GENERAL 

2 

132 

1.5 

0 

35 

0.0 

OTHER  (INCLUDING  JOINT) 

25 

1100 

2.3 

6 

350 

1.7 

TOTAL 

148 

6795 

2.2 

66 

2161 

3.1 
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TABLE  19 

U.S.  CITIZENS  &  TEMPORARY  VISAS  IN  POSTDOCTORAL  POSITIONS 

BY  MENTOR'S  SUBFIELD 

COMPARING  TWO  MOST  RECENT  GRADUATION  YEARS  (1993  &  1994) 

WITH  TWO  EARLIEST  GRADUATION  YEARS  (1988  &  1989) 


U.S.  CITIZENS 

Number    Total   Postdoc 
of     from  Percent 
Postdocs  Subfield 


TEMP  VISAS 

Number    Total   Postdoc 
of     from  Percent 
Postdocs  Subfield 


BLANK  (Unknown) 


1993 

& 

1994 

87 

202 

43, 

.1 

1988 

& 

1989 

31 
ORGANIC 

214 

14, 

.5 

1993 

& 

1994 

265 

510 

52, 

.0 

1988 

& 

1989 

40 
INORGANIC 

418 

9, 

.6 

1993 

& 

1994 

131 

265 

49, 

.4 

1988 

& 

1989 

11 
ANALYTIC 

235 

4, 

.7 

1993 

& 

1994 

75 

282 

26. 

.6 

1988 

& 

1989 

12 
PHYSICAL 

220 

5, 

.5 

1993 

& 

1994 

144 

319 

45, 

.1 

1988 

& 

1989 

26 
BIOCHEM 

241 

10, 

.8 

1993 

& 

1994 

78 

122 

63. 

.9 

1988 

£> 

1989 

9 
THEORETIC 

102 

8, 

.8 

1993 

& 

1994 

20 

36 

55. 

.6 

1988 

& 

1989 

4 
GENERAL 

24 

16, 

.7 

1993 

& 

1994 

19 

47 

40. 

,4 

1988 

& 

1989 

3 

39 

7. 

.7 

OTHER  (INCLUDING  JOINT) 

1993 

& 

1994 

141 

350 

40. 

,3 

1988 

& 

1989 

21 
TOTAL 

293 

7. 

.2 

1993 

& 

1994 

960 

2133 

45. 

,0 

1988 

& 

1989 

157 

1786 

8. 

,8 

36 

80 

45.0 

12 

44 

27.3 

96 

187 

51.3 

9 

96 

9.4 

59 

102 

57.8 

7 

50 

14.0 

31 

79 

39.2 

4 

48 

8.3 

67 

140 

47.9 

11 

65 

16,9 

30 

46 

65.2 

3 

22 

13.6 

5 

8 

62.5 

0 

5 

0.0 

2 

10 

20.0 

1 

10 

10.0 

64 

-  133 

48.1 

7 

70 

10.0 

390 

785 

49.7 

54 

410 

13.2 
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TABLE  21 
OCCUPATIONS  OUTSIDE  CHEMISTRY  FOR  U.S.  CITIZENS 


Air  Force 

Insurance 

Airline  Agent 

Law  School 

8 

Arms  Control 

Law/Attorney 

11 

Army 

Library 

Ass.  Dean 

Materials 

2 

Astronaut 

MBA 

Atmosp.  Sci 

Med  School 

6 

Banking 

Med/Arms 

Bus .  Sch . 

Med .  Tech . 

Business 

3 

Med.  Physic 

Cell  Sci. 

Medicine/Doctor 

11 

Comb.  PhD 

Military 

Comp .  Prog/ 

Missionary 

Comp.  Sci./ 

Molec.  Bio 

Comp.  Software/ 

Nat.  Res. 

Computers 

21 

Navy 

2 

Corapu.  Bio 

Not  known 

Consulting 

2 

Nutrition 

Cook  Pizza 

Oceanogrph 

Coroner 

Opera  Sing 

Cust.  Serv 

Owns  Pub 

Drugs 

Patent  Law/Office 

8 

Elec.  Eng. 

Pathology 

Electronic 

4 

Pharmacy 

2 

Engineer. 

PhD  Other 

Env.  Engin 

Pulp/Paper 

2 

Env.  Educ. 

Rad  Physic 

Env.  Contr. 

Radiat.  Med 

EJcport/Import 

2 

Radiology 

2 

Family  Bus 

3 

Real  Est. 

Fashions 

Religion 

2 

Finance 

3 

Sales 

2 

Fireman 

Spectrosc. 

High  Tech 

2 

Stock  Broker 

Industry 

Teaching 

Instrument 

USAF 

OCCUPATIONS  OUTSIDE  CHEMISTRY  FOR  TEMPORARY  VISAS 


Banking 

Biochem. 

Bus .  School 

Business 

Comput.  Sci/Computer 

Construct . 

Eng. 

Finance 


Info  Tech 
Law  School 
Materials 
Molec.  Bio 
Own  Restr. 
Patent  Law 
Physics 
Radiology 
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UNEMPLOYMENT  RATE  BY  REGION  FOR  U.S.  CITIZENS 
ALL  YEARS  OF  GRADUATION 


Number    Total      Percent 
Seeking   Number   Unemployed 


But 

Not 

From 

Employed 

Region 

New  England 

9 

710  : 

1. 

,3 

Mid  Atlantic 

17 

1036 

1, 

.6 

S  Atlantic 

19 

1069 

1, 

.8 

E  N  Central 

56 

1454 

3. 

.9 

E  S  Central 

4 

212 

1. 

.9 

W  N  Central 

6 

470 

1. 

.3 

W  S  Central 

10 

572 

1, 

.7 

Mountain 

8 

531 

1. 

.5 

Pacific 

19 

735 

2. 

.6 

Total 

. 

148 

6789 

2, 

.6 
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TABLE  23 

U.S.  CITIZENS  IN  POSTDOCTORAL  POSITIONS  BY  REGION 

COMPARING  TWO  MOST  RECENT  GRADUATION  YEARS  (1993  &  1994) 

WITH  TWO  EARLIEST  GRADUATION  YEARS  (1988  &  1989) 


Number 

1993  &  1994 

Total  Postdoc 

Number 

.1988  &  1989_ 
Total   PC 

istdoc 

of 

from 

Percent 

of 

from 

Percent 

Postdocs 

Region 

Postdocs 

Region 

New  England 

94 

223 

42.2 

13 

186 

7.0 

Mid  Atlantic 

152 

320 

47.5 

25 

262 

9.5 

S  Atlantic 

144 

342 

42.1 

35 

280 

12.5 

E  N  Central 

194 

454 

42.7 

23 

363 

6.3 

E  S  Central 

19 

65 

29.2 

4 

58 

6.9 

W  N  Central 

66 

154 

42.9 

18 

120 

15.0 

W  S  Central 

65 

177 

36.7 

17 

167 

10.2 

Mountain 

90 

161 

55.9 

8 

151 

5.3 

Pacific 

136 

237 

57.4 

14 

193 

7.3 

Total 

960 

2133 

45.0 

157 

1780 

8.8 
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ADDENDUM  TO  REPORT  ON  THE  SURVEY  OF  DOCTORAL  MENTORS 
CONCERNING  CURRENT  EMPLOYMENT  OF  PHD  GRADUATES 

In  the  original  report  of  May  15,  1995,  we  expressed  concern  over  the 
effect  of  deriving  the  employment  information  through  the  mentors  rather 
than  directly  from  the  PhD  graduates.   The  report  recommended  that  a 
sample  of  the  graduates  be  surveyed  as  a  check  on  the  original  survey. 
I  have  since  learned  that  the  ACS  Salary  Survey  included  questions  that 
allow  such  a  check. 

Results  of  the  1995  Salary  Survey  will  be  reported  separately.   At  this 
point,  however,  data  relevant  to  the  recent  PhD  graduates  can  be 
extracted  to  allow  comparison  with  the  earlier  survey  of  the  mentors. 
The  first  table  shows  the  employment  status  of  respondents  who  indicated 
that  they  were  chemists  earning  their  doctorates  since  1988.   Since  the 
survey  was  directed  only  to  ACS  members  in  the  U.S.,  the  relevant  group 
for  comparison  from  the  mentors'  survey  is  those  graduates  in  the  U.S. 
That  group  is  shown  in  the  second  table,  and  we  focus  on  the  percentage 
in  postdoctoral  positions. 

The  results  from  the  two  surveys  are  relatively  close  for  the  graduates  of 
the  first  two  years.   However,  in  the  "out  years,"  the  mentor's  approximations 
of  the  percentage  of  graduates  in  postdocs  remain  about  5  percentage  points 
above  the  levels  reported  by  the  graduates.   The  result  is  that  the  postdoc 
percentages  from  the  mentors  are  more  than  double  those  from  the 
graduates  in  the  seventh  year  since  the  degree. 

It  must  be  realized  that  bias  in  the  results  from  the  Salary  Survey  is 
possible  because  only  ACS  members  responded.   On  the  other  hand,  the 
numbers  of  graduates  covered  by  the  two  surveys  are  similar;  e.g.,  there 
were  979  U.S  graduates  seven  years  out  reported  in  the  mentors'  survey,  and 
924  comparably  defined  in  the  Salary  Survey. 

To  see  whether  salary  surveys  of  previous  years  showed  any  change  in  the 
Dostdoc  percentages,  the  same  data  were  drawn  from  the  1994  Salary  Survey; 
zhese  are  presented  in  the  third  table.   Since,  in  1994,  a  sample  was  used 
instead  of  the  universe  of  ACS  members,  the  overall  numbers  of  responding 
graduates  are  much  smaller.   Within  the  limitation  of  what  can  be  said  about 
small  numbers  without  any  statistical  test,  it  appears  that  no  significant 
shift  has  occurred  between  1994  and  1995. 

javid  C.  Montgomery 
une  28,  1995 
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SUMMARY  OF  RESULTS  OF  1 995  SURVEY  OF  DOCTORAL  MENTORS                 | 

INCLUDING  ONLY  THOSE  PHD  GRADUATES  IN  THE  U.S. 

YEAR  OF 

TOTAL 

OUTSIDE 

POST- 

POSTDOCS  AS  % 

GRADUATION 

GRADS 

U.S. 

DOC 

OF  TOTAL  IN  U.S. 

94 

1480 

69 

749 

53.1% 

93 

1438 

74 

601 

44.1% 

92 

1312 

113 

392 

32.7% 

91 

1299 

102 

245 

20.5% 

90 

1231 

106 

160 

14.2% 

89 

1132 

97 

114 

11.0% 

88 

1064 

85 

97 

9.9% 

TOTAL 

8956 

646 

2358 

28/4% 

DCM:6/28/95 
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Indiana  University 


August  14,  1995 


# 


Research  and  The  Honorable  Steven  Schiff 

THE  University         chairman 

Graduate  School  Subcommittee  on  Basic  Research 

Committee  on  Science 
U.S   House  of  Representatives 
Raybum  House  Office  Building  Suite  2320 
Washington,  DC   20515-6301 


Dear  Mr.  Chairman: 

Attached  please  find  responses  to  the  questions  posed  in  your  letter  of 
July  28,  1995. 


I  appreciated  the  opportunity  to  testify  before  your  committee  on  July 
13,  1995.    The  thoughtfulness  and  courtesy  of  your  subcommittee  were  much 
appreciated,  and  the  open,  frank  exchange  of  views  during  the  hearing  was 
enlightening.     I  hope  the  other  participants  were  similarly  impressed. 

I  thank  you  for  the  efforts  this  hearing  has  produced  and  hope  that  my 
participation  will  help  the  committee  in  its  future  deliberations. 

Sincerely, 

George  "E.  Walker 

Vice  President  for  Research 

and  Dean  of  the  Graduate  School 
Chair,  Board  of  Directors 
Council  of  Graduate  Schools 


Enclosure 


OmCEOFTHE 

Vke  Presidb^  and  Dean 

Bryan  Hall  104 

Bloomington,  Indiana 

47405-1201 

812-855-8913 
Fax;  812-855-2205 
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Questions  for  Dr.  Walker 

1)         The  COSEPUP  report  found,  and  nearly  all  the  witnesses  at  the  hearing 

concurred,  that  there  is  insufficient  relevant  and  timely  career  data  available  to 
students,  prospective  students,  and  faculty  advisors.    This  lack  of  information 
impedes  the  ability  of  graduates  to  make  informed  choices  about  their  careers. 
What  should  the  federal  government 's  role  be  in  ensuring  that  this  type  of 
information  is  available  and  up  to  date? 

The  federal  government  has  a  continuing  role  and  responsibility  in  facilitating  the 
tracking  of  Ph.D.  graduates  in  all  fields  important  to  the  national  interest.   Science  and 
Engineering  have  been  on  this  list  since  World  War  II,  but  other  national  goals,  including  the 
space  program,  national  defense,  and  economic  competitiveness  have  expanded  the  list  to 
include  virtually  every  field  in  which  a  Ph.D.  is  available.   As  a  practical  matter,  it  is  easier 
to  gather  data  on  all  Ph.D.  graduates  and  then  break  out  detailed  information  than  to  limit 
data  gathering  to  science  and  engineering  fields. 

The  National  Science  Foundation  has  been  a  federal  lead  agency  both  in  providing 
support  and  coordinating  support  from  other  federal  agencies  to  develop  federal  partnerships 
to  collect  and  analyze  information  gathered  from  individual  institutions.   This  role,  and 
funding  for  it,  needs  to  be  continued  and  enhanced,  as  the  COSEPUP  report  and  our 
testimony  suggest.   Enhancement  to  improve  the  quality  of  information  and  timeliness  will 
require  additional  resources.   Some  improvement  in  timeliness  and  availability  can  be 
expected  from  the  NSF's  user-friendly  technology,  but  other  federal  agencies  need  to  be 
encouraged  to  support  and  expand  the  NSF's  example.   Current  budget  reductions  are  likely 
to  have  the  opposite  effect,  with  data  and  outreach  efforts  already  suffering  cutbacks  because 
of  limited  budgets.   The  most  recent  published  data  from  the  NSF  is  for  1993,  and  for  most 
other  agencies,  1992. 

Apparently  no  other  government  agency  is  as  interested  or  as  effective  as  the  NSF  in 
doing  this  job.   Therefore,  the  committee  should  look  for  ways  to  support  and  enhance  the 
NSF's  role:   corporations  and  non-governmental  support  should  also  be  encouraged. 
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Should  data  collection  and  analysis  be  undertaken  by  the  professional  societies 
with  university  participation?   Or,  should  this  responsibility  be  undertaken  by  a 
partnership  between  government,  professional  societies,  and  universities? 
Describe  the  optimum  partnership. 

Government,  professional  societies,  and  universities  are  all  involved  in  data  collection. 
The  optimum  partnership  should  grow  from  current  successful  arrangements.    Universities 
should  be  encouraged  to  enhance  tracking  of  selected  Ph.D.  fields  by  building  on  existing  data 
collection  efforts  supported  by  the  NSF.    Professional  and  disciplinary  associations  should  also 
be  encouraged  to  survey  and  make  available  employment  and  salary  data  within  a  short  time- 
fame  to  measure  the  market  in  field-sensitive  ways.   University  and  professional  associations 
should  collaborate  in  fimding  research  on  recent  graduates  and  post-docs.    The  first  several 
post-Ph.D.  years  are  perhaps  the  most  fi^iitful  time  in  the  career  of  a  scientist.   We  need  to 
know  more  about  jobs  and  research  productivity  of  Ph.D.  recipients  in  the  first  decade  after 
they  receive  their  degrees.    Current  samples  of  these  populations  should  be  increased  both  in 
size  and  frequency. 

Regular  meetings  to  encourage  collaboration  among  data-gathering  groups  should  be 
encouraged.    Those  professionals  from  agencies  with  data  responsibilities  should  share 
strategies  and  resources.   These  federal  groups  should,  in  turn,  share  strategies  and  fimding 
with  professional  discipline  associations,  scientific  societies,  groups  such  as  the  National 
Research  Council,  and  private  foundations,  to  ensure  that  data  is  gathered  efficiently  and 
pubUshed  widely  in  a  timely  manner. 

Should  federal  research  grants  be  predicated  on  a  requirement  that  doctoral 
granting  universities  track  their  graduates  for  a  period  of  10  years  following 
receipt  of  degree? 

Federal  research  grants  should  not  require  tracking  of  graduates.   A  ten-year  tracking 
requirement  would  needlessly  complicate  existing  arrangements.   1  believe  that  market, 
campus,  and  alumni  relationships  are  sufficient  to  drive  increased  interest  and  tracking  of 
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graduates  and  non-graduates.   Providing  funding  for  research  on  tracking  by  various 
cooperating  groups  would  produce  more  and  better  data  than  new  regulations. 

2)         Would  time  to  degree  be  reduced  by  a  policy  which  restricts  federal  support  to 
those  schools  which  have  a  stated,  enforced  policy  on  time  to  degree? 

What  would  be  the  effect  of  this  type  of  policy  on  graduate  education  and/or 
research  projects. 

As  stated  in  our  previous  testimony,  most  institutions  have  and  enforce  a  policy  on 
time  to  degree.    1  believe  restricting  federal  support  would  not  improve  time  to  degree  in 
actual  practice.    Such  a  policy  would  add  more  complicating  requirements  to  an  already 
challenging  process.     Good  clear  definitions  of  time  to  degree  and  how  to  accurately  measure 
it  would  be  useful,  and  could  be  developed  via  the  consultation  process  with  interested, 
cooperating  parties  as  discussed  in  the  response  to  question  one. 


3)         How  can  universities  attract  more  women  and  minorities  into  science  and 
engineering  degree  programs? 


Maintain,  sustain  and  expand  support  for  women  and  minorities  through  programs  that 
are  funded  consistently  over  long  periods  of  time.    These  programs  should  begin  in  the 
elementary  grades  and  extend  support  through  post-doctoral  awards.   The  latter  programs 
should  be  in  connection  with  ongoing  research  programs  that  provide  incentives  for  successfiil 
Ph.D.  completion.   Thus,  they  would  reward  and  expand  successful  programs.   Recognition 
and  financial  rewards  for  those  who  improve  access  and  expand  the  pool  of  qualified 
minorities  and  women  in  selected  fields  would  be  helpful  (e.g.,  providing  financial  awards  for 
successful,  inspiring  teachers  at  all  levels  of  education).   Expanded  summer  research 
internships  for  students  at  multiple  career  stages  would  also  help.    Long-term,  sustained 
funding  will  be  key  for  the  payoff  in  increased  numbers  of  minorities  and  women.   These 
must  be  maintained  for  decades  to  have  an  effect. 
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National,  state  and  institutional  leadership  are  also  required  to  emphasize  how 
important  good  science  is  to  the  nation's  future,  and  how  important  it  is  for  all  citizens  to 
participate  in  some  way  in  its  teaching,  learning  and  development. 


^^ 
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The  Honorable  Steven  H.  Schiff 
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Committee  on  Science 

2320  Raybum  House  Office  Building 

U.S.  House  of  Representatives 

Washington,  DC  20515-6301 


Phone  (202)  872-4600 


August  21,  1995 


Dear  Mr.  Chairman: 

Thank  you  once  again  for  the  opportunity  to  testify  before  your  Sut)Committee  on  the  critically  Im- 
portant issue  of  graduate  education  in  the  sciences  and  engineering.  What  follows  Is  a  response  to  the 
three  questions  outlined  In  your  letter  dated  July  28,  1995. 

(1 )     yntat  should  be  tho  federal  govammentB  role  be  In  fostering  the  tracking  of  Ph.D. 
graduates,  and  ensuring  that  this  type  of  Information  Is  available  and  up  to  date? 

On  a  biannual  basis,  the  National  Science  Foundation  (NSF)  publishes  an  extensive  report,  'Sci- 
ence and Englrteering  Indicators'  The  report  analyzes  data  on  the  number  and  type  of  science  and 
engineering  degrees  earned  by  undergraduates,  masters  and  doctoral  students.   It  also  Includes  an 
analysis  of  tfie  relevant  employment  sectors,  along  with  a  forecast  of  future  employment  needs.  These 
biannual  reports  are  of  great  value  to  the  scientific  and  engineering  community.   Never-the-less,  they  do 
suffer  from  a  lack  of  timeliness.   Unfortunately,  this  situation  is  Inherent  to  the  process  rather  tfian  any 
shortcoming  of  It.  These  type  of  surveys  are  difficult  to  conduct  and  emalyze  In  a  timely  manner.   Be- 
cause of  their  value,  the  federal  government  should  continue  to  support  these  activities  and  ensure  that 
adequate  budgets  are  available  to  conduct  these  vital  activities. 

Should  data  collection  and  analysis  be  undertaken  by  professional  societies  with  uni- 
versity participation?  Or,  should  this  responsibility  be  undertaken  by  a  partnership 
l>etween  government,  professional  societies,  and  universities?  Describe  the  optimum 
partnership. 

Data  collection  relevant  to  employment  and  degree  awards  are  already  underway  by  many  profes- 
stonal  societies,  ACS  Included.  Naturally,  those  societies  represent  speclfk:  scientlfk:  and/or  engineer- 
ing disciplines  and  will  have  a  data  set  unique  to  their  needs  and  concems.  What  could  occur,  though, 
Is  better  Integration  of  the  different  data  sets  collected  by  the  federal  government  and  the  various  pro- 
fessk>nal  societies,  through  such  organization  as  the  American  Association  for  the  Advancement  of  Sci- 
ence.  Integration  could  provide  a  more  comprehensive  overview  of  the  hJation's  S&E  base.   However, 
such  a  process  Is  not  trivial  because  of  Inconsistent  databases  and  the  type  of  questions  asked  on  the 
surveys.  The  federal  government's  involvement  wouM  not  necessarily  eliminate  these  problems. 
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(2)  Would  time  to  degree  t)e  reduced  by  a  policy  vvhich  restricts  federal  support  to  those 
schools  which  have  a  stated,  enforced  policy  on  time  to  degree? 

Time  to  degree  would  be  reduced  by  such  a  policy.   However,  caution  must  be  exercised  when 
establishing  timelines  and  enforcement  policies.   Illness,  maternity  leave,  absences  for  family  emergen- 
cies, and  spousal  relocations  can  interfere  with  a  specific  student's  expeditious  completion  of  his/her 
advanced  degree.   Further,  the  time  necessary  to  earn  an  advanced  degree  in  different  disciplines  can 
not  be  standardized.   Sufficient  flexibility  must  be  built  in  to  the  process  to  allow  schools  and  disciplines 
to  establish  appropriate  guidelines  as  well  as  to  allow  for  the  extraordinary  cases. 

As  a  part  of  a  time  to  dejree  policy,  an  accountability  analysis  could  be  instituted.   Such  analysis 
could  be  accomplished  through  an  appendix  to  each  proposal,  similar  to  the  affirmative  action  state- 
ments presently  required.   Therein,  the  applicant  institution  would  have  to  quantify  its  performance  in 
time  to  degree  within  a  specific  subject  area  or  research  component  (academic  department  or  center) 
from  which  the  application  is  arising. 

What  would  be  the  effect  of  this  type  of  policy  on  graduate  education  and/or  research 
projects? 

Provided  flexibility  as  described  above  Is  built  in  to  a  policy,  no  adverse  effects  should  result. 

(3)  What  is  the  t)est  mix  of  graduate  research  asslstanshlps,  traineeships,  and  fellow- 
ships for  support  of  graduate  students  In  science  and  engineering? 

The  t>est  mix  can  not  be  determined  a  priori.   In  addition,  the  mix  that  may  be  appropriate  for  one 
discipline  may  not  be  optimal  for  another.  A  "one-slze-fits-all"  approach  is  not  possible.   Each  discipline 
needs  to  be  given  the  ability  to  explore  different  mixes  and  approaches  to  supporting  graduate  educa- 
tion and  research. 

At  present,  the  physical  sciences  rely  more  heavily  on  research  asslstantships,  while  the  biomedi- 
cal community  makes  greater  use  of  traineeships.   In  each  case,  improvements  are  possible.   It  is  clear 
that  the  former  community  should  shift  somewhat  more  towards  traineeships  and  fellowships.   Federal 
agencies  should  be  encouraged  and  enabled  to  Implement  new  mechanisms  of  student  support,  consis- 
tent with  the  needs  of  the  students  in  the  particular  research  community.   Specific  measurements  and 
performance  milestones  should  be  developed  In  advance,  so  that  positive  or  negative  results  can  be 
monitored  and  learned  from. 


I  hope  these  responses  are  helpful  to  you  as  you  consider  the  future  of  graduate  education  in  the 
sciences  and  engineering.  The  American  Chemical  Society  would  be  pleased  to  offer  you  additional 
assistance  in  this  area  should  the  need  arise. 

Sincerely  yours. 


^S.^^L-j*^ 


Ned.  D.  Heindel 
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August  18, 1995 


Hon.  Steven  H.  Scliiff 

Cludnitan,  Sobcommittee  on  Basic  Research 

U.S.  House  of  Representatives 

VIA  FAX  (202)  225^7815 


Dear  Repreacntativc  Sciiifi; 

Thanliyou  for  asking  me  to  testify  at  tiie  July  13, 1995  liearing  on  the  COSEPUP  report  The 
issues  raised  in  the  report  and  in  the  testimony  at  the  hearing  are  critical  for  determining  a 
coherent  science  policy  for  the  future.  A  future  that  wiD  bear  little  resemblance  to  the  recent 

past 

My  answers  to  your  foQow-up  questioiis  follow.  If  1  can  be  of  assistance  in  any  way  in  the 
ftatnre,  please  don't  hesitate  to  calL 


Kevin  Aylcsworth 
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Dr.  Kevin  D.  Ayicsworth:  Reapooac  to  foDow-np  qaesdons. 

Question  1 :        The  COSEPUP  report  found,  and  nearly  all  witnesses  at  the  hearing  concurred,  that 
there  is  insuSioient  relevant  and  timely  career  data  available  to  students,  prospective 
students,  and  faculty  advisore.  This  lack  of  information  impedes  the  ability  of 
graduates  to  make  informed  choices  about  their  careers.  What  should  the  federal 
government's  role  be  in  foGtering  the  tracking  of  PhD  graduates,  and  in  ensuring  that 
this  type  of  information  is  available  and  up  to  date? 

Should  data  collection  and  analysis  be  undertaken  by  the  professional  societies  with 
university  participation?  Or,  should  this  responsibility  be  undertaken  by  a  partnership 
between  government,  professional  societies,  and  universities?  Describe  the  optimum 
partnership. 


The  federal  government  should  coordinate  the  data  collection  and  analysis  fimc^ions  of 
government  agencies,  universities  and  professional  societies.  To  avoid  conflicts  of 
interest,  the  coordinating  agency  should  not  also  be  responsible  for  training  scientists. 
The  money  for  this  agency  (perhaps  one  to  two  million  dollars)  would  have  to  come 
from  the  current  research  budget 

Undoubtedly,  the  research  community  would  resist  this  shifi  of  flinds.  One  answer  to 
the  anticipated  objections  is  that  there  are  two  products  of  the  federally  funded 
rescaroh  system:  research  and  students.  To  determine  whether  federal  funds  are  being 
wisely  spent,  we  need  to  know  the  fates  of  the  students  who  receive  federal  fiinds.  This 
can  only  be  done  by  coordinating  the  data  oollection  efforts  of  the  existing  agencies 
and  professional  societies. 


Question  2.       Would  time  to  degree  be  reduced  by  a  policy  which  restricts  federal  support  to  those 
schools  which  have  a  stated,  enforced  policy  on  time  to  degree? 

What  would  be  the  efieot  of  this  type  of  policy  on  graduate  educalioa  and/or  research 
prqiects? 

Answer:  Time  to  degree  virould  probably  be  reduced  by  a  policy  that  restricts  federal  support  to 

schools  that  have  a  stated,  enforced  p>olicy  on  time  to  degree.  Althou^  this  would  get 
the  students  out  Cuter,  it  mig^  not  have  much  effect  on  the  ultimate  fate  <rf'the 
students.  One  response  of  the  system  will  be  to  tack  more  years  onto  postdoctoral 
positions.  Something  must  also  be  done  to  reduce  the  time  spent  in  postdoctoral 
appondmenta. 


Question  3.       In  your  testimony  you  mention  that  research  assistantships  are  very  confining  for 
graduate  students.  Should  the  federal  fimding  agencies  do  away  with  research 
assiatant^iips  ahogetfaer?  If  not,  what  would  be  the  right  mix  of  research 
assistantships,  traineeshipa,  and  fellowships? 
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Answer:  Ulliniately,  the  power  struoture  of  graduate  education  must  change  if  we  expect  U.S. 

citizens  to  continue  to  punue  PhDs  in  science.  To  do  this,  money  for  graxluate 
assistanlahips  needs  to  be  shiiied  from  individual  research  grants  to  block  grants  to 
institutions  and  fellowships  directly  to  the  students. 

This  shift  should  occur  over  a  ten-year  period  to  give  the  syston  a  chaitce  to  a(^ust.  A 
target  distribution  would  be  one  third  of  the  funds  in  each  channel  (fellowships,  block 
grants,  and  research  grants).  The  results  of  this  shift  on  the  students  and  research 
productivity  should  be  monitored.  The  amounts  oould  then  be  at^usted  to  accomplish 
various  policy  goals. 
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